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PAPERS 


THE RESERVOIR FLOOD-CONTROL 
STRUCTURE 


This paper presents abbreviated form analysis the methods 
obtaining flood control means reservoirs. begins with general 
definition the flood-control problem and classification all possible 
methods control. The detailed analysis deals only with the reservoir solu- 
tion the problem. For the purpose bringing the mind the reader 
the various facts that are necessary consider, rough outline the general 
procedure followed approaching specific flood-control problem given. 
This may appear elementary the experienced engineer, but should serve 
catalog the various items that must considered. 
The design reservoir system analyzed discussing: (a) The 
method operation selected; (b) testing one method for reser- 
voir; (c) transmission reservoir area protected with 
detailed analysis methods determining valley storage effect; and (d) 

typical examples three other methods storage operation. 

The operation the reservoir for various other purposes, such water 
power, irrigation, navigation, and water supply combined with flood control 
next considered. This followed discussion place the 
reservoir system with other structures. 

conclusion, there summary the considerations affecting reservoir 
control. Although most the general principles are well known engineers 
believed the paper serves useful purpose correlating and classifying 
methods and presenting number new angles the practical problem 
determining the possible operation reservoir system. 


this paper will close September, 1934, Proceedings. 
1Senior Engr., Mississippi River Comm., Vicksburg, Miss. 
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INTRODUCTION 


When rainfall occurs that provides more run-off than can carried 
within the normal channels existing streams flood results. The excess 
water overflows the valley lands, invades developed areas, and causes destruc- 
tion property or, extreme cases, loss human life. There known 
method regulating the rainfall itself. Nature alone controls the cycle from 
sea sky earth. Man’s efforts are confined attempts guiding the 
water that part its course from earth back the sea. The regulation 
the waters that would cause floods presents the flood-control problem. 

Many structures are built control water: Waterways proper depth 
and width provide arteries transportation; water controlled and discharged 
through water-wheels provides power; water may caught storage basins 
and distributed for irrigation water supply; and water that actual 
potential source damage danger property human life may 
controlled prevent floods. When this control water involves improve- 
ment reclamation property not damaged its present condition, the 
control termed “reclamation,” and when involves the prevention flood 
damage this termed “flood control.” 

Historical—The common law holds that flood water common enemy 
and that any individual may protect himself against it. From the beginning 
recorded history this principle has been followed and wide range 
structures and methods has been developed for combating the “common 
enemy.” Every country the world has some flood problems. The River 
Italy, the Seine France, the Rhine Germany, the Thames England, 
the Yellow China, and many others have absorbed the efforts countless 

engineers the struggle for their control. the United States the most 
notable struggle has been that with the Mississippi River. early 1717 
the settlers New Orleans, La., began protect themselves against overflow. 
The work has grown magnitude until the end 1933 the Federal 
Government had spent effort control this great river. 
Many smaller but still important projects this country have included the 
Sacramento River California, the Arkansas River Colorado, the Colorado 
River Arizona and Nevada, and the Miami River Ohio. 

The individual farmer may cut ditch divert the flood water small 
from his field. may build small levee prevent this flood water 
from invading his fields buildings the flats. However, when the area 
protected becomes considerable size has been the usual experience 
that the works protection are such magnitude entirely beyond 
the means the individual finance construct. Thus, individuals have 
grouped themselves together districts. The rights the individual 
have become merged with those the group, and works have been developed 
which provide the greatest benefit the majority the group. Different 
groups frequently have interests and still larger units are formed 
attempt arrive solution which will greatest benefit the 
greatest number. This grouping has grown State-wide 

cases and, the case the Mississippi River, control the Federal 
Government. 
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The most comprehensive flood-control investigations recent years have 
been those conducted the United States War Department under the Corps 
Engineers, United States Army. These were largely outgrowth 
the great Mississippi River flood 1927. For several years prior that 
flood comprehensive study water resources was being planned the 
Engineer Corps. This study was cover navigation, flood control, water 
power, and irrigation. The 1927 Mississippi River flood emphasized the 
importance these studies relating flood control and was largely 
responsible for the fact that the money for these studies was practically 
doubled and work undertaken much larger and more comprehensive scale 
than previously anticipated. Many the studies have been completed and 
wealth information has been collected for practically all the important 
streams the United States. General plans have been formulated for 
most streams and any agency confronted with the development flood-con- 
trol plan should find itself with large part the groundwork completed and 
the necessary basic information available proceed with the detailed develop- 
ment any specific project, the co-ordination any series projects. 
Possible Methods Flood are rather common. one 


form another they are experienced practically every individual and com- 
munity. Consequently, the methods protection against flood causing 
damage are many and varied. The following general methods 
(A) Works retain regulate flood waters above the area where damage 
caused: (1) Storage reservoirs, with controlled outlets operated accord- 
ance with pre-determined plan; and (2) retarding reservoirs, with uncon- 
ost trolled operation outlets designed that their maximum flow will not 
exceed the channel capacity. 
(B) Works provide secondary channels through affected areas: (1) 
ral Improvement secondary existing channels; (2) constructing side channels; 
overbank diversions; and (4) outlets combining overbank and channel 
the diversions. 
ado (C) Works increase the capacity existing channels through affected 
areas: (1) Levee systems; (2) cut-offs; and (3) channel deepening and 
nall improvement. 
This paper will confined analysis Group com- 
binations Groups (A), (B), and (C) are often feasible and desirable. This 
analysis will deal with the function the reservoir—its limitations and ad- 
vantages—and will discuss its place with regard the whole, and the useful 
functions may expected perform. 
oped PRELIMINARY INVESTIGATION REQUIRED 
The engineer ordinarily called upon design flood-protection pro- 
ject after disastrous flood has occurred. some few cases potential flood 
damage anticipated, and project designed and constructed prior the 
what might have been major damaging flood. any case 


the value project the sum money that those protected from flood 
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damage will pay representing the benefit occurring reason insured 
protection from future damage. determine this value the area subject 
overflow must blocked out and the existing and probable future con- 
centration of. all values various units must determined. Study 
should made the manner which floods have caused damage the 
past; surveys should made the amount such damage; and 
estimates should prepared the possible damage that might caused 
future floods. considering all these factors estimate may reached 
the probable value future flood protection which could used basis 
for assessing the cost against those benefited. 

When reservoir solution (Group (A)) considered many more 
data concerning flood volumes must obtained than for other plans. The 
reservoirs either store the flood water during the danger period (Group 
(A-1)), retard the flow during this period that does not exceed the 
capacity the existing channels (Group Both studies require the 
collection many hydrological and hydraulic data. 


outline the data required and for consideration the 
flood-control problems part the Ouachita River, Arkansas and 
Louisiana, far they pertain reservoir analysis, will best illustrate 
the procedure approaching such project. Fig. map the Ouachita 
River field investigation was found that the valley lands from 
Malvern, Ark., Camden, Ark., have been damaged floods. determine 
the sum that might spent economically for flood-protection project 
economic survey, was made past flood damage this danger zone and 
estimate was prepared the value the elimination this damage the 
centers population and the farm lands the valley. 

Boundaries the area protected having been located, the first 
problem the investigation was determine the capacity the existing 
flood channel. field survey was available, modified hydrographic sur- 
vey was made which ineluded: (a) The determination river sections 
critical the determination valley cross-sections controlling 
points; (c) the low-water river-slope profile; (d) location high-water marks, 
and determination high-water profile; (e) elevation controlling top 
banks; and (f) location and size tributary streams. 

Gauges were established and read critical points along the main stream 
and the principal tributaries. was learned that old gauge records were 
available for considerable period for Hot Springs, Malvern, Arkadelphia, and 
Camden, Ark. These records were collected, and all gauges were referenced 
common datum plane. Discharge measurements were made each 
these key gauge stations and the relation stage discharge was determined. 
most cases this was plotted single curve, shown Fig. 
Camden, however, was necessary develop curves correct for the varia- 
tions local slope Fig. use this type curve successfully, 


River and. Tributaries, Arkansas and Louisiana, submitted 


through official channels. 
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accurate simultaneous readings both gauges used the slope measurements 
are required. The curve used depends the slope, which defined the 
fall, feet, from the Engineer Office gauge the Weather 


£ 

Discharge Measurements 

8 a ©1929 41930 


Discharge Thousands Cubic Feet per Second 
CURVE, OUACHITA RIVER, ARKADELPHIA, ARKANSAS, 


Bureau gauge, both Camden. All the old discharge records were collected 
and studied. Both daily rates discharge and total volume flood peaks 
were determined where possible. Gauge records were arranged show 
the extent both available gauge and discharge records (see Table 1). 
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Gauge Heights, in Feet- U.S. Engineer Office Gauge at Camden, Ark 
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Supplementary Table the following data are noted: Item No. 
Column (4), maximum reading 46.0 was estimated May 12, 1882; 


Item No. 12, Columns (4) and (6), elevations are referred mean Gulf 
level; Item No. Columns (3) (6), the river overtopped this gauge 


March, 1917, and April, 1918; reached point below the bottom the 
gauge December, 1916, and June, 1918; Item No. 24, Columns (4) (6), 


gauge installed this point, due the intermittent dis- 


charge caused power-house; Item No. 26, Column (4), April 17, 
1927, the occurrence estimated maximum reading 26.75 recorded; 
Item No. 29, Columns (3) and (4), the maximum gauge reading and the 
date are approximate. 

addition the gauge and discharge records was made all 


available rainfall records. For convenience studying these records, map 


showing the location all hydrological stations was prepared. many cases 


where run-off records were not available for all points for the greatest storms 


they were built from these rainfall data. 
studying the rainfall and run-off records was apparent that two 


great floods were the most severe that had been experienced. These 


were selected test storms used checking reservoir design. Ischyetal 
charts were quite valuable studying these great storms. For the greatest 
storms (as determined the isohyetal charts) rainfall run-off charts (see Fig. 
and Table enabled study made the total flood volume 
contributed each tributary. 

use these greatest floods record design floods for reservoir system 


was further necessary develop hydrographs daily flow number 
key points the danger zone protected and the sites reservoirs 


selected for investigation. These hydrographs were determined from 


readings and discharge data computations from them. some cases 


hydrographs were developed from the rainfall run-off relations and others 
using the proportional drainage areas. For example, the latter case, 
the discharge hydrograph for dam site Blakely Mountain computed 
from the known hydrograph values for Hot Springs, Ark., reducing read- 
ings proportion the relative drainage areas concerned. The area con- 
tributing the gauge Hot Springs being 1420 miles and the area 
contributing the gauge the dam site, 1190 miles, the readings are 

hydrograph plotted using logarithmic scale for the discharge 
ordinates, the proportional drainage-area method becomes much simplified. 
Multiplication then accomplished addition and hydrographs 
portional areas can determined from known hydrographs marking 
uniform distances above below the known curve. 

field reconnaissance was made the entire drainage basin determine 


possible reservoir sites. All available maps sites that were considered 


were collected From the general data obtained 
this reconnaissance and from existing maps tentative system (see Fig. 
was calculated control the waters the extent shown necessary 
the run-off studies. 


| 
4 
| 
3 
| 


RESERVOIRS FOR FLOOD CONTROL 


w~. 


= © 


te] 


ns nm © 8 ome =] 


umoy, 


ers May, 1984 605 
ulf 
off 
ine 
red 


J 


606 RESERVOIRS FOR FLOOD CONTROL Papers 


Name area No. acre-feet run-off, 
miles acre-feet 
Red River above Denison, Tex.. 542 306 639 716 539 
Washita 786 397 083 532 152 
Total, Red River above Denison. 328 703 722 248 691 
tal, Red River above Arthur City........... 108 846 749 125 874 
Other drainage, Arthur City 746 774 508 572 069 
Total, Red River above 580 508 619 557 885 
Little River above Wright 704 436 900 383 030 
Total, Little iver above 134 231 300 956 181 
Other drainage, Index 423 272 923 218 061 
Total, Red River above Garland City....... 012 732 127 
Other City Shreveport, La......... 667 289 300 163 512 
Total, Red River above 297 584 529 288 
Saline River and Lake 471 665 600 290 468 
628 363 600 158 675 
Other drainage, Alexandria, 223 119 900 488 724 
Total, Red River above Alexandria......... 659 142 871 087 
above Hot Springs, 304 020 591 882 490 
Other drainage, Hot Springs 515 365 000 240 827 
Total, Ouachita above Arkadelphia............ 311 685 591 382 727 
Total, Ouachita above Camden............ 391 344 691 206 903 
Smackover Creek............. 557 316 100 208 563 
Saline River, ......... 281 050 100 352 656 
drainage, Camden Monroe, La.. 188 147 400 757 055 
Ouachita above 997 091 501 527 
Bayou Macon. 366 647 500 155 400 
Other drainage, Monroe Black 973 370 344 122 995 
Total, Ouachita above mouth Black River... ... 034 935 754 409 


Other drainage, Alexandria mouth Black 416 247 100 107 834 
Mouth Black River head Atchafalaya 368 300 648 
Total, Red River above head Atchafalaya 421 026 477 746 978 


Field surveys the system shown Fig. sufficient prepare general 
estimates cost and capacity were made where existing data were 
From these surveys reservoir locations were determined; dams were designed 
general way; capacities were determined for various heights dam; the 
area overflowed the reservoir was estimated; and general estimates cost 
for dam and reservoir were prepared. project for protection from future 
floods may designed with all the foregoing data available. 


Assume that area subject flood damage has been determined; that 
the extent the damage for possible future flood such that considerable 
sum may expended profitably insuring against such damage; that gen- 
eral studies indicate considerable low-cost reservoir storage available; that 
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studies show that much the flood water originates above the potential 
reservoir sites; and that appears feasible design reservoir system, and 
analyze its merits. Two general types reservoir operation may con- 
sidered: The storage basin (Group and the retarding basin (Group 
mentioned previously. 

Before any system studied detail necessary decide the 
measure protection given. This may include protection against any 
future flood great any past floods record, some allowance may 
made provide for greater future flood. 

analyzing reservoir system particular care must taken consider- 
ing past floods. The flood highest crest very frequently has less volume 
above what might termed “danger than some flood smaller 


height. the success reservoir operation dependent the 


handling the flood volume the time occurs, necessary conside1 
floods various types. Daily hydrographs stream flow become great 
importance because the flood volume must routed through the reservoir 
occurs and not might have averaged for monthly periods. 
graphs daily flow—at least, one covering sharp short flood, and another 
long flat flood—must analyzed detail. They should cover the range 
experienced flows and should allow for future greater floods may seem 
desirable. some cases, hydrographs only past floods may considered, 
and the capacity each reservoir made greater arbitrarily than that required 
control these record floods order provide the factor safety desired. 

Having determined the degree flood protection desired, the merits 
each reservoir system should considered and one more methods opera- 
tion selected for detail study with the hydraulic data collected. This ordi- 
narily means the selection one more design floods and the trial opera- 
tion the proposed system during such flood. 

Retarding Basin retarding basin method operation 
(Group (A-2)) has gained considerable prominence recent years largely 
due its use the Miami River, Ohio.* depends for success the 
existing channel—or improved channel the case the Miami 
River—being sufficient provide for the run-off below the reservoirs and 
flow through the reservoirs well. The reservoir outlet con- 
duits are designed that the maximum outflow, when added the estimated 
local run-off below the dam sites, will not exceed the improved channel 
capacity. Spillways are provided that excess flow can released pro- 
tect the dams should the maximum stream flow exceed the designer’s esti- 
mates. One the greatest advantages such system its automatic 
operation—no decision being required during flood which gate open 
and when open it. the other hand, may have limited benefit 
because may equate the flow tributary increase the flood peak 
main stream below changing the time maximum contribution 
the tributary. 


Repts., Miami Conservancy Dist., Dayton, Ohio. 
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Considerable variation may desirable the size retarding basin 
outlets. For area with long moderate floods, small outlets may desirable 
give minimum reservoir contribution the stream below. long 
duration the flood increases the likelihood that the outflow may coincide 
with extreme local flows below the reservoir, and makes small rate. desir- 
able. For short extreme floods rather large outlets are ordinarily preferable 
insure getting rid the water rapidly possible. All types inter- 
mediate designs are possible, depending the particular flood problem. 

Operation Methods for Storage methods operating storage 
reservoirs (Group (A-1)) may follows: (1) All flow may stored 
during the period determined the rule for operation; (2) all flow may 
stored except such quantities are released uniformly: (3) all flow may 
stored except variable quantity released depending the stream flow 
obtained from local areas below the reservoir; and (4) flow may stored 
uniform rate, passing all excess flow during calendar period. 

Reservoir (1) more nearly “fool-proof” its operation than any other 
system. based calendar period, period determined pre-selected 
gauge heights, practically automatic except the release stored 
waters, which must follow some predetermined rule. the period storage 
involves prediction gauge heights determine its time functioning, the 
system becomes only good the prediction system. 

uniform release (Reservoir (2)) may required prior water rights 
below. really minor modification Reservoir (1). requires some- 
what less capacity control given flood, but the stream capacity down 
stream must sufficient contain the water released, addition the 
local inflow. 

Irregular release water (Reservoir frequently intricate and 
difficult problem. involves knowledge stream capacities down stream, 
and accurate determination the quantity local run-off that will reach all 
critical points the same time water released from storage. Some 
this may not have fallen rain the time the water above the dam 
released. Improper operation may result damage suits, many water- 
power operators well know. complicated and uncertain method 
analyze with respect possible future floods and usually only considered 
sidering the storage all flood flows. 

(4) was considered 1927 the Reservoir Board for Missis- 
sippi River Flood This arrangement has little merit except the 
big system, such the Mississippi, where flood may come from 
‘many different sources. the case the Mississippi River, has the 
‘advantage giving more less dependable reduction definite quantity 
during critical period which, the storage system large enough, would 
sufficient reduce the flood crest the capacity the existing levee 
system. 


*Committee Flood Control, Committee Doc. No. 70th Cong., 1st Sess. 


i 


May, 1984 RESERVOIRS FOR FLOOD CONTROL 609 


Storage systems (Group (A-1)) are necessary local run-off 
below the reservoir may require most the available channel capacity. 
Reservoirs this type have the advantage being capable controlling 
stream flow desired.- possible reduce the flow from the reservoir 
will. However, once stored, frequently serious problem 
determine just when and how let go. 

Operating the storage retarding flow during the 
flood-danger period must carefully analyzed before selecting the type 
operation adopt. Most streams have many rises crests. Most these 
rises damage the valley. Only certain rises become high enough 
cause damage. the rain falls and gauge readings begin rise the ques- 
tion looms up: “Will this damaging flood, and so, how much can 
passed safely down the river before the reservoir gates are closed?” 
certain cases possible store every flood the reservoir occurs, but 
most cases the storage capacity limited either physical features cost, 
and necessary permit all small floods pass. the case the re- 
tarding basin, the size outlets must determined the design. the 
case the storage basin not only must outlets designed, but rule must 
selected for their operation. 

prime importance that the rule operation for storage system 
determined advance, and such that can used progressively the 
flood develops. very simple design reservoir system control 
flood peak that has occurred the past, but foresight limited during 
flood. Certain information obtained from gauges above the reservoirs and, 
many cases, flows may predicted for limited periods advance. With 
these data, the rule operation must workable. The entire flood not 
visible the operater, and must his work the basis what can 
see. 

cases where the period operation can based definite stages 
key gauges, its determination quite simple. study past floods shows 
that all flow above given stage must stored regulated. When this stage 
reached the reservoirs are placed operation. 

Operation rule requiring prediction gauge heights frequently 
desirable. all flows above fixed stage are stored, large reservoir capacity 
required. This may prove costly and becomes desirable utilize storage 
nearly possible impound only that part the flood volume that 
causes the damage. Water stored before the danger stage value 
reducing floods and merely fills space required the flood water that will 
cause damage. 

The most common method predicting advance stages studying the 
between comparable gauges. Where important tributary 
large storage basin located between the gauges compared, this fairly 
satisfactory method. However, even when these conditions not exist, 
changes relation may occur from time time due changes river 
regimen. Fig. gives illustration gauge-relation study for 
case that has complicating factors. This shows the relation between 
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gauges Columbus, Ky., and New Madrid, Mo., the Mississippi River. 
With experienced stage the up-stream station the probable stage the 
lower station may read directly from the curve. cases where 
necessary extend past tributary, the volumetric contribution the tribu- 


Gauge Readings at Columbus, in Feet 


Note: Gauge Relations for Separate 
Years Indicated as Follows: 
@ 1925 © 1928 
© 1926 + 1929 
4 1927 x 1930 


Gauge Readings at New Madrid, in Feet 


Fic. BETWEEN GAUGES, COLUMBUS, KENTUCKY, AND 
MADRID, MISSOURI, MISSISSIPPI 


tary coinciding with the crest the main stream may estimated and 
applied correction the main river gauge below. Similarly, allow- 
ance may made for storage basin. The results are more less approxi- 
mate. many streams fairly good results may obtained. estimated 
that stages for Cairo, the mouth the Ohio River, may predicted 
least four five days advance and that stages New Orleans, the 
Mississippi River, may predicted about two weeks more advance. 
Under conditions small contributions lower tributaries these periods 
may lengthened somewhat. However, many small streams, the forward 
limit predictions may matter hours. 
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single-key gauge near critical area with definite maximum 
allowable stage may used basis for operating reservoirs within pre- 
diction distance this gauge. For instance, gauge heights may predicted 
this gauge, all reservoirs within water-flow range five days may 
operated store their entire contribution all times, when ft, more, 
seems probable. allowing few feet factor safety (it advisable 
try hold when, say, will still damage), this system 
can made fairly satisfactory. Undoubtedly, gives effective use close-in 
storage. reservoir five days away, for example, will begin storing the day 
gauge reading predicted (predictions made five days ahead). The 
reservoir one day away would not begin storing until the day before gauge 
reading was predicted. this way the maximum quantity harmless 
(less than ft) water would permitted pass down stream and the near- 
reservoirs would held readiness make their storage most effective 
impounding water only when would cause damage. 

extension the key-gauge method sometimes possible large 
system. may found that combination certain maximum gauge 
heights group tributaries will not give trouble. Any height excess 
that stated for any tributary may give trouble; therefore, key gauge 
may picked for each tributary and each one regulated that its flow will 
not exceed its allowable maximum. preventing any tributary from 
introducing damaging quantity water, the flow the main river may 
kept less than its own allowable maximum the danger zone. 

sometimes found that key gauge the main stream may selected 


and all flow that originates above reservoirs for given stage the key 


point, when something less than higher stated crest predicted, may 


passed safely through the danger zone. For instance, Arkansas City 
the key gauge the Mississippi River for the operation reservoirs the 


Red River that protect the Mississippi River against Red River floods, 
found studying gauge records that when not more than predicted 


Arkansas City, water need stored Red River reservoirs; but 


days from the mouth Red River and corresponding dates 
for closer reservoirs. 


Storage all flow reservoirs should continue until 


reached falling stage after the predicted crest. This method, 


checked against years hydrographs, was found reliable all 
cases, 


many cases satisfactory stage-predicting system can developed. 


necessary then store all flow above reservoirs for calendar period and 
equate all floods fixed maximum contribution the stream during 
the remainder the year and during the period which reservoir 


emptying. This requires large storage, and there usually considerable 
storage any single flood. 


some streams historic study will show that all damaging floods 


| 
have occurred during comparatively short calendar period. 
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conditions causing these floods may show that weather conditions are such 
that, change climate, the same experience may expected the 
future. Under such conditions the rule operation may based 
specified operation during the dangerous calendar period. 

Tests Operation Method selected the method 
methods reservoir operation considered best adapted the solution 
particular flood problem, each method must tested determining its 
operation during the selected type floods record and the design flood. 
making these tests important that the operation based only upon the 
information that would available each day the flood actually developed. 
Only the foresight tested prediction can considered. 

retarding-basin system reservoirs (Group has been selected 
demonstrate the foregoing points. One the reservoirs the system 
under consideration near Antlers, Okla., the Kiamichi River. Fig. 


Elevations Feet (Mean Gauge Level) 


Storage 516, 
Maximum Area,40 Square 


300 500 600 700 800 900 
Volume Storage Thousands Acre-Feet 


Discharge in Thousands of cu ft per sec 


— 
0 1 3 4 5 6 7 8 9 
t } Area of Reservoir in Square Miles 


Fie. AND CAPACITY PROPOSED NEAR ANTLERS, 
OKLAHOMA 


shows the storage for various elevations water surface and the 
through the reservoir outlets. general summary pertinent design 


for masonry dam, this connection, follows: 

Drainage area above the reservoir, square 1400 
Surface area proposed reservoir, 
Height dam above the valley, 105 
Elevation, crest dam, 485 
Elevation, crest spillway, 465 
Cost reservoir, dollars per acre-feet storage..... 6.26 


me 


Maximum High Water Elev. 475 | 
> 
420 
400 
182 
, 
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TABLE Curve, ANTLERS Reservoir, River 


surface, reservoir conduits, in| height Belzoni ass conduit dis- pass conduit 
and river below, cubic feet per gauge, feet charge (river discharge, feet 

reservoir), feet (mean Gulf level) 


(3) (4) 


Table gives the information from which the outflow curve was deter- 
mined. Fig. hydrograph the unmodified 1927 flood the reservoir 
site. Column (2), Table ten conduits, diameter, were considered, 


” 

2 
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2 
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a June July Aug. Sept. Oct. 
1927 


7.—DISCHARGE HYDROGRAPH, KIAMICHI .RIVER, ANTLERS RESERVOIR 


and the discharge was computed the Hazen-Williams formula, assuming 
entrance and exit losses equal velocity head; that is, 


which, the total head available (Column (1), Table 3); the 
head consumed friction; Ho, the: head loss entrance and exit, assumed 


its 660 383.1 
Geological Survey for Belzoni, Oklahoma tea 
, 24 ----- Flow Modified by Retarding Reservoir Operation 
5 : 4 | 
| 
0 
data 
72 ; 4 
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conduits; roughness coefficients conduits; and hydraulic radius 
conduits. 
The Belzoni gauge referred Column (3), Table regular station 
situated short distance below the reservoir. Low water 3.5 above zero 
this gauge. Column (4), assumed that the relative stage discharge 
approximately the same below the reservoir the Belzoni gauge. 
Referring Column (5), low water the zero stage the reservoir 380 
1 
above mean Gulf level. The water surface the reservoir equal 
Elevation 380 plus the river stage below the reservoir plus the difference 
the water surface required give the various discharges. 
determine the effect the Antlers Reservoir the 1927 flood (one 
the large record floods), the inflows have been routed through the reservoir 
and the modified outflow has been determined. The routing may accom- 
plished either analytical graphical solution the equation: 
which, inflow; outflow; and storage. The modified outflow 
shown Fig. Graphical solution obtained the same method 


discussed subsequently, for studying valley storage. Table gives the basic 


Reservoir Conduit Base for storage Storage indication 
Water-surface elevation storage, discharge, storage plus 
reservoir, feet above cubic feet minus one- one-half outflow, 
mean Gulf level per second feet per cubic feet per 
per day second cubic feet per second per day 


second per day 


800 
000 
850 
000 500 
500 500 
500 250 
000 650 
150 000 600 
258 000 200 


data used plotting the curves for this particular routing. Different scale 
curves were plotted for the different ranges storage make the accuracy 
the graphical work comparable the accuracy the flows being routed. 
Table extract from the graphical routing. The curves used were 
similar those Fig. used for the studies valley storage effect the 
“reach” reservoir method. The method using the curves discussed subse- 
quently. Analytical routing requires only the use storage and outflow curves 
with inflows. Table gives the analytical routing the same inflows that cov- 


J 
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TABLE Routine, ANTLERS 
River 


Accumulated 
per secon er second cubic tee second per per secon: 
per second day* mean Gulf 


July 


December 11.... 
December 12.... 
December 13.... 
December 14.... 
December 15.... 
December 16.... 
December 17.... 
December 18.... 
December 19.... 


*As scaled from storage curve. scaled from outflow curve. After first day, elevation 
determined storage indication curve. 


Read Quantities for End 
of Day Corresponding 


tee Project to Storage Indication Curve 


2 
2 
= 
= 
=z 
© 


280 
in of Feet per = 


8—REACH RESERVOIR ROUTING, ARKANSAS RIVER, TULSA WEBBERS FALLS, 
OKLAHOMA 


615 
Date 
1927: 
617 777 888 200 930 404.0 
436 053 526 450 580 393.0 
330 766 383 280 520 382.8 
265 595 297 200 290 382.0 
465 543 271 200 271 382.0 
100 565 282 200 200 417.0 
300 400 200 000 320 445.0 
300 108 600 300 000 200 458.7 
400 700 350 121 000 440 462.3 
260 660 330 127 000 470 462.9 
280 980 490 115 700 410 461.8 
ot 
Enter this 
at Beginning : 
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Storage Accumu- Water 
feet per cubic feet feet per second cubic feet reservoir, 

second per day Per second per second feet, mean 


Inflow, Average 


per day Gulf level 


December 11.... 
December 12.. 
December 13... 
December 14.... 
December 15.... 


ered the graphical routing Table addition the outflow, the 
routing study gives the accumulated storage the reservoir each day. For 
the Antlers Reservoir, the maximum storage required control the 1927 
flood acre-ft. The maximum available storage the reservoir, 
shown Fig. acre-feet. For this therefore, the reser- 
voir has about 25% excess capacity which might considered sufficient 
factor safety. 

routing each the selected record floods and the design flood: through 
each reservoir, the maximum capacity required for each determined. The 
record floods should include one maximum volume during flood season 
and one which produced the maximum flow rate (maximum stage record). 
Other floods should tested make certain that combination flows 
would produce accumulated storage excess the reservoir capacity. 
taking the maximum storage required each site for any the floods tested, 
system capacity obtained ordinarily excess that required for the 
maximum recorded general storm over the basin and, consequently, would give 
protection against flood more infrequent than experienced floods. many 
cases this may considered sufficient protection and this capacity may 
selected for the preparation cost estimates. not, additional capacity 
may allowed considered necessary. some cases may considered 
that the most severe record flood such remote probability that somewhat 
less protection all that justified. such cases less capacity than the 
maximum required, shown the study record floods, may selected 
desired. 

Transmission Reservoir Effect Area Protected.—Each reservoir 
the system analyzed outlined. this does not give the 
controlled flood the critical area unless perchance there only one reser- 


th: 
July 510 275 600 800 360 700 399.0 
July 940 020 100 200 100 930 416.0 
July 330 350 350 750 670 383.5 
297 —150 520 . 
July 265 200 290 382.0 
200 382.0 
271 229 
465 230 380 382.3 
300 700 310 444.7 
December 17....| 260 128 200 480 
December 19....| 280 115 700 410 461.8 
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voir and the area directly below it. other cases, the controlled outflow 
the reservoirs must followed down the stream channels below, increased 
the run-off below the dam, combined with the flow other tributaries 
whether reservoirs, and the modifying effect the 
channel valley storage the new flood wave determined. comparing 
this wave with the unmodified flow the reduction the area protected 
can determined and the success the project measured. 

Determining the modified flood wave involves three major problems: (A) 
Time travel reduced wave from reservoir critical area; (B) run-off 
local area below reservoirs; and effect “valley storage.” combining 
reservoir outflows, allowing for differences time travel, adding local run- 
off, and allowing for the effect valley storage, controlled flow key points 
the critical area determined. 

The time travel flood crests (Problem (A)) difficult determine. 
varies considerably depending the height the flood wave and its 
position relative previous floods. many cases the waves become merged 
with preceding crests, and impossible identify any particular crest 
the lower station. The most satisfactory method determining time 
travel plot the time between two stations function stage. Even 
best, considerable approximation necessary arrive schedule 
time travel. 

The run-off local areas (Problem (B)) can determined ordinarily 
proportioning the drainage area some adjacent area for which the run-off 
known and computing run-off proportional drainage area. some 
eases necessary approximate run-off from rainfall records. This not 
particularly satisfactory daily flows must estimated and rainfall run-off 
relations not give particularly satisfactory daily flows. 

The inflow successive reaches the main stream may determined 
adding reservoir outflows local run-off (Problem the channel 
over-bank valley storage fairly large these flows will flattened 
equated passing through given reach. Two methods computing 
flattening are presented. The second fact only general approximation, 
but many cases that possible. The many uncertainties affecting 
computations often make exact determination valley storage effects im- 
practicable, and, allowances judgment the designing engineer are all 
that are feasible. 

The two methods presented for computing valley storage effect might 
termed: Reach-reservoir method; and, (b) proportioning hydrographs 
plotted from experience. Method (a) has been used various forms 
number Engineer Offices. office using the method has intro- 
duced some special modifications, but the general principles are approximately 
the same. principle, this method considers the river length analyzed 

being divided into number reaches, each which considered 
with surface slope parallel the mean water surface slope the 
The quantity water stored this reach for various gauge heights 
the lower end determined computing the day-by-day storage from 
Equation 


e 
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the daily inflow and outflow are known for given flood, the daily stor- 
age changes may computed from Equation (3). Summing the daily 
changes, the accumulated storage successive dates may computed and 
plotted function the gauge height the lower end the reach (using 
the same gauge for which the discharge also known). The plotted storages 
will follow approximately uniform curve varying somewhat with rising and 
falling stages, but ordinarily sufficiently close that average curve may 
drawn through them. 

Having determined storage curve for the reach for known flood 
series floods and knowing the stage-discharge relation, other floods for 
which only inflows are known, may routed through the reach, and its 
storage effect them determined. its simplest form this would consist 
entering the reach with the inflows the flood tested, modifying 
these flows the storage, and determining the outflow. This routing can 
accomplished graphically curves such those Fig. These con- 
sist storage curve; outflow curve; base for storage indication 
curve (storage minus one-half the outfiow); and, storage indication curve 
(storage plus one-half the outflow). 

Fig. demonstrates the method using these curves obtain stage, 
outflow, and accumulated storage the end each day for known stage 
the beginning the day, and inflow during the day. use the curves, 
beginning stages and beginning inflows are required. Mean values are ob- 
tained averaging the inflow one day with that the following day. 
The graphical solution gives outflow the end the day corresponding 
the stage the same time. Averaging this outflow with that for the preced- 
ing day and adding the storage change, the total checks the inflow. The 
construction the curves such conform these requirements. 

applying the reach-reservoir method, found that the inaccuracies 
gauge and discharge data make certain modifications advisable. For in- 
stance, when the storage curve plotted only passes through the average 
the points used for its construction. study being made the 
reduction that can obtained certain flood record the operation 
certain reservoirs withhold known quantities during flood period, 
what called differential routing study made. First, the actual stages ob- 
tained during the unmodified flood wave are tabulated. Using these stages 
and the known outflows, the inflows they would scale using the storage 
curve, are determined. inflow reductions from the river reach above 
and from reservoirs the reach are determined. These are subtracted from 
the adjusted inflows (those scaled using the storage curve) and reduced inflows 
are determined for use with the routing curves. These curves give reduced 
stages and outflows such would result from the reach-reservoir operation. 
Entering the next reach, the outflow reductions are used. these are differ- 
entials from the actual outflows computed, using inflows that checked the 
storage curve, they are more nearly correct than the entire inflow and 
outflow were carried through the routing. example this differential 
routing given Table for part the 1927 flood routed through the 
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a 8 of 
Bas a aa = 3 2 
(1) (2) (3) (4) (5) (6) (7) (12) 


reach the Arkansas River from Tulsa Webber’s Falls, Okla. The inflow 
reduction from the reach above entered Column (1), Table and the 
outflow reduction from the reach given Column (12). This method was 
used with considerable success the Memphis (Tenn.), Engineer District 
studying flood control the White and Arkansas Rivers. 

The other method determining valley storage effect (Method (b)) 
plot large number flood-flow hydrographs for the gauges the head and 
foot reach. usually found that one these hydrographs closely 
approximates the hydrograph inflows the reach modified the reser- 
voir system. the simple expedient modifying the computed outflow 
hydrograph from the reach correspond the effect obtained the hydro- 
graph based experience, the approximate effect valley storage de- 
termined. This admittedly more less approximate solution, but 
many cases the only feasible method and gives fair results the hydro- 
graph used model rather closely approximated the hydrograph being 
analyzed. 

After computing effects valley storage and increase due local run-off 
below reservoirs, the controlled flow the key gauges the overflow area 
determined for the reservoir system being analyzed for each the various 
test floods. use stage-discharge relation each these gauges the 
stage would controlled determined. each the record floods 
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and the design flood result controlled stages below bank-full the key 
points when routed through the selected retarding-basin reservoir system, the 
system will protect the danger area. 

Any the storage systems described may tested manner similar 
the retarding-basin system. are selected—design storms deter- 
mined—and rule operation adopted. Using the design inflow and 
following the selected rule operation, the modified flow and the storage 
required are computed. the modified flow results gauge heights below 
the danger stage the overflow area for each flood and the storage required 
less than the reservoir capacity, the system will satisfactory. 

Hydrographs the natural and modified flow the reservoir site are 
shown Fig. for theoretical reservoir the Gasconade River, Rich 


Discharge in Thousands of Cubic Feet per Second 


Jan. Feb. Mar Apr. May June July Aug. Sept. Oct. Nov. Dec. 


Fic. 9.—DISCHARGE HYDROGRAPH, GASCONADE RIVER, RICH FOUNTAIN, MISSOURI 


Fountain, Mo. has been assumed that this reservoir would operate store 
all flow except uniform release 2000 per sec for the period from 
February May 15. During the remainder the year would regulate 
the flow maximum 000 per extracts for the opera- 
tion during 1927 are shown Table During the period from February 
large flood peaks have been held back and the flow the tributary has 
been controlled the fixed release value 2000 per storage 
467 100 acre-ft would have been required. The effect down-stream point 
would determined considering the inflow reductions they would have 
been modified valley storage. continue the operation regulate the 
flow for the remainder the year 10000 per sec maximum rate 
would have required capacity 694 560 acre-ft. 

Hydrographs the natural and modified flow the reservoir site are 
shown Fig. for theoretical reservoir the River, Bonner 
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Date 


Storage, 
cubic feet per 
second 
per day 


cubic 
feet per 
second 


Accumulated 
storage, 
cubic feet 
per second 

per day 


cubic feet 
per second 


1927: 
2 000 0 8 92 2 000 
14 500 2 500 50 890 2 000 
6 160 4 160 730 520 2 000 
4 380 —5 620 727 930 10 000 
4 010 —5 990 721 940 10 000 
18 900 8 900 846 7 10 000 
cent 10 500 500 847 280* 10 000 
1927 
April 1.. bd 28 7 28 700 122 940 0 
April 2.. 47 200 42 060 165 000 5 140 
at 26 100 5 000 170 000 21 000 
17 000 5 000 175 000 12 000 
5 150 5 000 455 000 150 
4 670 4 670 459 0 
4 010 —15 990 443 680 20 000 
670 —15 330 428 350 000 
800 800 461 400 000 
20 400 400 461 800T 20 000 
18 700 —1 3 460 500 20 000 
, 16 800 —3 200 457 300 20 000 
7 150 —12 850 5 470 20 000 
1927 
dae 106 000 106 000 2 118 090 0 
105 000 105 000 2 223 090 0 
102 000 102 000 2 325 090 0 
102 000 102 000 2 427 090 0 
tice 48 100 —26 900 2 946 390 75 000 
40 000 0 2 670 180 40 000 


Maximum storage equals 694 560 acre-ft. 
Maximum storage equals 946 580 acre-ft. 


Maximum storage equals 923 600 acre-ft. 
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Springs, Kans. has been assumed that the reservoir would operate 
store uniform rate 000 per sec per day when such flow was avail- 
able during the period from March June deficiency from the 
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HYDROGRAPH, KANSAS RIVER, BONNER SPRINGS, KANSAS 


schedule develops, this deficiency may compensated the first rise that will 
make up. Table 8(b) shows typical.extracts from the reservoir operation. 
The reservoir could counted reduce flows down-stream points 
uniform quantity 5000 per sec, except for the first month when the 
flow was less than this amount. maximum capacity 919 340 acre-ft would 
have been required accomplish this between March and June has 
further been assumed that during the remainder the year, the reservoir 
would operate control the maximum peak flow the stream 20000 
per sec. This operation would require peak storage 923 600 acre-ft. 
Hydrographs the natural and modified flow the reservoir site are 
shown Fig. for theoretical reservoir the Osage River, Bagnell, 


Natural Flow— From U. S. Geological Survey Records 
Flow Modified by Storage Reservoir Operation 


Discharge in Thousands of 
Cubic Feet per Second 


Jan Feb. Mar Apr May June July Aug. Sept. Oct 
1927 


Fie. HYDROGRAPH, OSAGE RIVER, BAGNELL, MISSOURI 


Mo. This reservoir assumed being five days from Cairo, and operated 
store all flow when more predicted the Cairo gauge. 
permitted release water rate not exceed 75000 per sec, when 
less predicted Cairo. Extracts the operation for 1927 are 
shown Table 8(c). noted that the reservoir stored nearly uni- 
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form rate about 100000 per sec. for several days before, during, and 
after the Cairo crest. Even allowing for valley storage reduction this would 
mean practically per sec could have been withheld from the Cairo 
flood crest this reservoir. have accomplished this would have required 
storage slightly less than 6000000 acre-ft. The storage required 
accomplish the regulation for the remainder the year would less than 
this quantity. 

Comparison Systems.—The result that might obtained each 
several different systems should carefully compared and analyzed. The 
particular advantages each should weighed and balanced against the dis- 
advantages. The cost each system should determined and its annual 
charges computed. The cost and difficulties maintenance, operation, and 
renewal should considered. comparing costs (including annual charges) 
with the results obtained, the best system for any particular project may 
selected. the cost less than the estimated value protection, the plan 
may justified, providing the cost financing not great reverse 
this balance. adopted, however, not only must these conditions exist, 
but the plan must cheaper than any other plan that will give equivalent 
satisfactory protection. 


RESERVOIRS 


Reservoirs acting alone flood-control structures have been treated thus 
far this paper. Extension the function the reservoir include other 
interests combination with flood control sometimes feasible. 

General consideration combined use reservoir 
for several purposes may divided logically into two general classifications: 
(A) Combined-purpose storage, joint use the same storage space for 
different purposes; and (B) combined-interval storage, separate storage 
units combined one reservoir reduce cost. Each class should con- 
sidered for: (a) Combined operation provide flood control and obtain 
development water power; (b) flood control and irrigation; (c) flood con- 
trol and domestic industrial water supply; (d) flood control and navigation; 
and (e) combination any three all the purposes mentioned 
Items (a) (d). 

Flood Control and Water Power.—Usually, the possibility obtaining 
water power from reservoir constructed for flood protection (Class (A-a)) 
considered hopefully every organization planning flood-control system. 
seems offer solution that perplexing problem how pay for 
the flood-protection plan. water-power plant might furnish revenue pay 
operating expenses and retire bonds. detailed consideration 
ordinarily reveals many inherent difficulties such plan. 

ordinary retarding-basin plan, where not possible utilize 
the lower part the reservoir retention basin “head developer,” there 
will considerable periods when head developed the dam and, con- 
sequently, power. This would mean large power-plant installation for 
only brief and uncertain periods operation. Only very general considera- 
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tion necessary satisfy the engineer that saving cost can obtained 
including power plant such plan. 

For storage system there would also head during periods 
storage. However, the lower part the reservoir often develops considerable 
head for only small percentage the total capacity. considering this 
lower part below the draw-down limit and used only develop head, 
possible have minimum head for power development. This storage 
volume considered non-effective and not included determining the 
required capacity. 

The demands water power and flood control are more less contrary. 
The power reservoir filled rapidly possible during periods high flow 
insure maximum yearly output. When the reservoir full and high 
flows occur they are merely passed over the spillway. the other hand, the 
flood-control reservoir kept low possible, order that the storage 
capacity may available store the peak the abnormally high floods. 
large power reservoir frequently very efficient reducer small floods, 
but may have little effect large floods should they occur the 
time year when the reservoir nearly full. flood-control storage reser- 
voir, even with minimum draw-down limit, would permit very irregular 
development water power. There would practically run-of-river opera- 
tion through the minimum head during long periods ordinary flow when 
desired keep the reservoir low. There might little development 
during the storage period, depending the quantity water that could 
released under the method operation adopted. During the emptying period 
after the flood, fairly efficient, but still variable, power development might 
obtained. 

very large interconnected power system, possible that the part- 
time water power developed flood-control dam might absorbed efficient- 
ly. such cases takes detailed and careful study determine whether 
the power developed will pay the cost plant installation. many cases, the 
return would less than the cost the plant and practically all cases 
the present time the cost would more than that developing power 
other methods. Future economic trends might change this balance and make 
development plant under some such conditions economical. 

The most important objection the ordinary operation flood-control 
reservoir from the power standpoint that uncertainty available power. 
The power plant must capable furnishing power demand. must 
have dependable capacity. Unless installation can furnish power when 
required, other plant must installed meet the peak demands and the 
water-power plant loses large part its potential value. The flood-control 
reservoir operates only when there are floods (time occurrence unknown) 
therefore, cannot depended reduce peak power plant installation. 
However, there are special cases where modified operation may correct this 
basic difficulty some extent. 

sacrificing some measure flood protection and power production, 
combined use the same storage sometimes feasible. Floods can ex- 
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pected occur certain seasons. Power demands for the locality have 
certain seasonal variation. Operating schedules for plants system with 
other power producers might arranged permit the seasonal use produc- 
tion from water-power plant the flood-control reservoir. 

These factors may combined develop rule curve for operating the 
reservoir obtain the best possible use for both Such curve 
would consist schedule elevations desired water surface the reser- 
voir, set arbitrarily, and obtained throughout year. For the conditions 
set forth the preceding paragraph such curve would provide that the 
reservoir kept low elevation during the flood-producing 
this period closes, increased elevations are permitted provide increased head 
and storage for the low-water season. During the low-water season this 
storage drawn down, regulating the power output and making certain that 
the reservoir low the beginning the next high-water season. inter- 
esting example such operation stream California that has both snow 
and rainfall run-off. damaging flood only results from combination 
both snow and rainfall run-off. Therefore, reservoir system may designed 
remain low until the snow run-off occurs and then either store 
regulate the flow when does occur, depending whether not com- 
bined with heavy rainfall. Enough storage retained the end such 
flood period regulate the flow through the summer. This special case gives 
fairly good operation particularly the probable occurrence storm 
rainfall quite definitely limited rather short calendar period. 

storage capacity available excess that required for flood-con- 
trol purposes, combined interval storage may considered (Class (B-a)). 
effect, this usually reduced the task determining the most economical 
power-plant installation and considering flood storage surcharge 
the power reservoir. The flood surcharge the power reservoir would consist 
certain zone storage operated only the interest flood control. 
might operated give complete protection for the maximum probable flood 
give protection from ordinary floods, depending the economics in- 
volved. The operation this zone would follow some one the storage 
retarding basin plans discussed previously herein. 

The power interval this type combined reservoir has certain value 
controlling reducing floods that occur when normal power operation 
has the reservoir drawn down. The flood-control section also has some power 
value that furnishes additional flow and extra head during flood periods. 
Thus, fair degree mutual benefit obtained, which adds the combined 
value the project. However, one important fact must always considered 
all combined projects; there must some use for both functions. There 
must market for the power and there must some damage hazard 
eliminated providing flood protection. Until the value both these 
uses exceeds the cost there can justification for construction even the 
project may physically feasible. 

Flood Control and Irrigation—In territory where rainfall more less 
deficient there frequently agitation for combination irrigation and 
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flood protection means reservoirs (Class (A-b)). Such rainfall 
occurs frequently causes floods. Storage these flood waters released 
during later periods drought would seem offer considerable promise 
combined use the same storage space. there was any regularity the 
quantity occurrence the flood flow this principle would work very well. 
However, floods vary much volume and time occurrence that, 
most cases, either impossible obtain assurance flood protection 
having the reservoir empty the time flood occurrence carry the 
flood water over protracted period drought for irrigation. land 
prepared for irrigation, and crops are grown, the water supply 
must dependable. This would require the release stored water ac- 
cordance with rule based period low supply. period high 
supply occurs with sharp concentration the form flood—it quite 
possible that the reservoir would full, nearly full, and that the flood 
would not greatly diminished. 
The second type combined operation (Class (B-b)) (designation 
separate storage bands within the same reservoir) offers more possibilities. 
There certain overlapping the use each band. Floods occur 
certain seasons and moderate draw-down the irrigation storage may 
permitted during these periods. the other hand, when the flood period 
over, certain percentage the flood-storage zone may utilized for carry- 
ing over flood water for irrigation use. 
Generally, territory where irrigation desirable, storage space not 
particularly expensive. Thus, large storage volume may obtained for 
combined use. some existing reservoirs, flood protection ob- 
tained more less incidental benefit. Lake Kemp, irrigation and 
water supply reservoir, near Wichita Falls, Tex., was found too expensive 
re-locate several highways running through the site under existing condi- 
tions. The lake level, therefore, kept more below the spillway 
crest. This surcharge has volume equal most floods for the tributary 
bank-full capacity discharged through the conduits the dam during 
the flood. Since the completion the dam several floods have been equated 
this means down-stream channel capacity. The principle surcharge 
for extreme flood protection the case irrigation reservoir worthy 
considerable study wherever there concentration value with potential 
flood damage below sufficient justify considerable expenditure for flood 
protection. 

Flood Control and Water combination flood protection 
with domestic industrial water supply (Class (A-c)) very similar the 
combination with irrigation, except that applies much wider territory. 
The main difficulty all cases the development dependable supply 
for domestic industrial use without, the same time, filling the volume 
required for the flood-control plan. 

with irrigation might almost stated axiomatic that combined 
project possible unless there more storage than required for flood 
control and unless combined operation separate storage zones possible 
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(Class (B-c)). effect, this means surcharge water supply 
reservoir. many cases this physically feasible, but the funds that can 
raised construct the flood-control surcharges are not sufficient pay the 
additional cost. Hence, the industry builds only for itself, the town builds 
for water supply only sufficient for its needs the near future. Many good 
dam sites are occupied structures very much smaller than feasible 
desirable from the standpoint efficient use the water the 
stream which they are located; but build the higher dam would 
costly, and although flood benefits are large the time flood occurring, 
they are seemingly non-existent when comes raising funds provide 
structures for their realization. not the purpose this statement 
convey the impression that surcharges water supply irrigation reser- 
voirs are generally desirable. They usually cost more than the capital- 
ized flood damage that they would eliminate, but justified not, they are 
almost never built because the difficulty collecting the additional money 
required from those who might protected. They offer about the only 
practicable combined operation general and would give fairly good pro- 
tection many cases. 

Flood Control and Navigation—The combination reservoir storage for 
open-river navigation with flood control (Class (A-d) Class (B-d)) like 
that irrigation and water supply. offers even less possibilities than either 
these. This due the fact that relatively large increase low- 
water flow needed ordinarily provide modern navigation. This 
alone requires large storage. This means that insufficient storage left for 
flood control and that unsatisfactory results are obtained for either use. 

There one combined navigation and plan, however, that 
can applied some cases, and always warrants consideration. 
canalization being considered relatively large stream where the dam 
sites are such that considerable excess storage the form flood sur- 
charge can obtained each pool without causing excessive damage the 
valley, this type combination may feasible. routing the flood volume 
through the several pools the system, the outflow the lower end may 
regulated give considerably lower flood crest. This method effect 
merely creates stream with large amount valley storage equate flood 
peaks. Obviously, predicated potential navigation being sufficient 
justify the cost the lock and dam system, with flood control contributing 
only that amount necessary pay for the surcharge the various navigation 
dams. 

Combined Operation Interest Three More com- 
bination more the uses stated involves most the difficulties 
covered the discussion for combining any two uses. Under certain condi- 
tions the combination three uses better than two. Generally, this results 
reason the same use benefiting two the three functions. reservoir 
with flood-control surcharge navigation dam may also permit the 
development water power. irrigation dam may used develop 
power depending some extent the flood-control surcharge furnish 


628 RESERVOIRS FOR FLOOD CONTROL Papers 


the extra water for power operation. the engineering problems 
involved are similar those outlined previously herein. 

most combined projects the problem distributing the 
cost and return complicated that almost always requires some arbitrary 
allocation the various functions, particularly any Government agency 
party the project. The practical difficulties encountered organiza- 
tion developed manage irrigation project that combined with water- 
power business have been well Charles Cragin, Am. 
This difficulty would apply the operation any combined project. Each 
function requires its special type organization, and the development 
single organization handle more than one function offers many difficulties. 
The most important consideration arriving conclusion the justi- 
fication for combined project that each function must have value—a 
value—that will justify contribution toward the cost construction, main- 
enance, and operation the project developed. 


CoMBINED WITH OTHER STRUCTURES 


Flood-control projects may developed combining reservoirs with: 
(A) Side channels; (B) over-bank floodways; (C) channel improvements; 
(D) closure outlets; and, levees. 

Although physically possible combination, Combination (A) reser- 
voirs supplemented side channels seldom feasible economically. More 
less duplicate structures are required control the excess peak beyond 
the capacity the main stream. Ordinarily, either the reservoir system the 
side channel can made large enough itself less cost than that 
providing both systems structures. 

combine reservoirs and over-bank floodways has the same objections 
Combination (A). However, there may conditions when would feas- 
ible. the floodway can reduced materially controlling part the 
peak reservoirs, this reduction may more than balance the reservoir cost. 
variation this might combination which reservoirs and the 
natural stream could control all but relatively small part the infrequent 
high floods. This part might permitted, such rare occasions, overflow 
through certain areas low development the overflow plain. This neces- 
sarily assumes the cost such floodways relatively small. Under these 
circumstances, the combination worthy detailed analysis, both the 
floodway and the reservoirs involve large expenditures, may expected 
that either one the other, made large enough control the entire excess 
flow, will less expensive than any combination. 

Natural artificial obstructions frequently produce limited 
channel capacity sections overflow areas. many cases these obstruc- 
tions can removed can compensated for moderate cost give much 
larger channel capacity (Combination (C)). This automatically reduces the 
extent reservoir control necessary permitting more flow through the reser- 
voirs less area controlled reservoirs above the danger zone. 


Cragin, Am. Soc. E., Transactions, Am. Soc. E., Vol. (1938), 1240. 


Paper Waterways Experiment Station, Mississippi River Comm., Vicksburg, 
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The Miami flood-control project illustrates this principle. chan- 
nel was improved through the reaches Dayton, Ohio, permit controlled 
flow greater than normal. This increased the peak flow permissible below 
the reservoirs and reduced their size such extent make feasible 
combination. 

possible that channel improvements the form cut-offs may 
increase the natural flow danger zone make feasible combination 
with reservoirs. Cut-offs must analyzed carefully, however, and exhaustive 
studies made their probable ultimate effect. some cases their effects 
may only temporary. This may may not serious difficulty. 
other cases, the improvement obtained may persist for many years. 

small stream Iowa series cut-offs was made produce 
straight channel with increased capacity. After fifteen years this stream 
shows marked tendency regain its sinuous course. However, this time, 
the improved channel has controlled reduced sufficient floods pay for its 
other cases, cut-off shortening persists for long periods. Cut-offs 
were made the Mississippi River, near the mouth the Red River, 
1831 and 1848, respectively. The shortening effected these cut-offs has been 
only slightly regained about 100 years. series interesting experiments 
cut-off was conducted the Waterways Experiment Station, 
Vicksburg, Miss., 1933. cut-off the Mississippi River was opened 
dredging Diamond Point, Miss., about miles below Vicksburg, 1933. 

many rivers, outlets low banks permit overflow into side basins 
long before the banks begin overflow generally (Combination (D)). This 
particularly true alluvial rivers where the banks are higher than the 
back country. closing the outlets the quantity carried the main 
increased, but the stage which overflow begins also 
increased. increasing the stage general overflow, much less reservoir 
capacity required than without the closure, and feasible may 
result. 

Combination reservoirs with levees, quite similar that reser- 
voirs and closure outlets. The levees may merely close the low places 
the bank and moderate expenditure increase the channel capacity 
reduce materially the reservoir storage required. some cases 
streams partly protected existing levee systems, moderate improvement 
these systems conjunction with reservoirs take the high peaks may give 
feasible combination. general, levees and reservoirs offer possibilities 
when moderate expenditure for levees will give system controlling the 
long, moderate floods, portions floods, with reservoirs controlling 
the sharp flood crests that, with relatively small volume, might cause fail- 
ure the levee system. 

Summary.—The substitution other structures reservoir plan 
often feasible moderate expenditure will eliminate large percentage 
reservoir storage. Expensive reservoirs certain tributaries may elim- 
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inated altogether the channel capacity the main stream can increased 
provide for the maximum probable flow from the tributary. other cases, 
where levee floodway plan can control all but relatively small portion 
the flood crest, may found that reservoir system the least costly 
method controlling such peak. 


Several primary control the feasibility reservoir plan 
for flood control. The first consideration might termed physical feasibility, 
expressed the question, are there reservoirs with sufficient capacity 
located above the area protected control that portion the flood 
waters that may cause damage? This includes the selection physically 
feasible dam sites, reservoir basins, and their location points below the col- 
lecting areas for run-off and above the area protected. Generally speak- 
ing, reservoir control feasible, physically. There wide range the cost 
storage required, but there are few cases which such storage not physi- 
available. 

The second consideration might termed “operating feasibility” de- 
fined the proposition: Given the storage required control flood crest 
within the realm probability that the reservoir can operated properly 
reservoir that has been placed above town protected, and fails, may 
cause more damage than the flood which was designed prevent. 
does not fail structure, may fail its function flood control 
the method operation not workable flood develops. this paper 
many methods operation have been discussed. has its advantages 
and disadvantages and conditions under which might operate satisfactorily. 
There are, course, other methods operation. The method used 
depends largely the characteristics the flood that may expected. The 
mission each system must kept carefully mind each case and the 
incidental damages well benefits considered. tributary being 
regulated protect main stream, the extent which this regu- 
lation may interfere with tributary protection must balanced against the 
value protection gained the main stream. 

obvious that any storage system has certain inherent objectionable 
features: involves the manipulation gates according some rule 
the designer may not the operator; the operator may restrict- 
hysteria the community the flood develops. may fail pass 
much flow through the dam the design calls for, with the resulting prob- 
able overtopping the reservoir the designer’s estimate flood flow 
reached. However, detailed studies many conditions indicate that many 
areas now subject flood damage might protected reservoir system 
the operation which appears feasible. 

The last and perhaps most important consideration economic feasibility. 
system reservoirs may physically feasible and may operate perfectly; 


but its canstruction may entirely unwarranted due excessive cost 
considerably greater cost for the same measure protection than that obtained 


w 

ed; 

mi 


May, RESERVOIRS FOR FLOOD CONTROL 


other methods protection. obtain favorable balance for reservoir 
plan requires: high concentration value the overflow area 
protected, such large industrial plant, town, city, some other unit 
subject relatively high flood damage; (b) low cost storage; (c) 
relatively large channel capacity below the reservoir capable accommodat- 
ing all ordinary flows; (d) relatively sharp short flood controlled; and, 
(e) the reservoir ordinarily located fairly close the area protected. 

comparison with levee plans protection, the reservoir has the 
advantage controlling sharp floods, but disadvantage controlling 
long flat-crested floods. protecting farm lands overflow plain, 
reservoir system frequently offers much better solution the local drainage 
problem that keeps stream levels low and permits run-off local rainfall, 
whereas the levee system retains high stream levels and may interfere seri- 
ously with local drainage. However, there are few cases which reservoir 
protection farm lands can justified economically. 

Summary.—The reservoir has many disadvantages struc- 
ture. difficult locate and operate; nevertheless, the advantages pro- 
tecting area reducing the flood crest that reaches are such that 
reservoir solution should analyzed carefully before any flood-control plan 
adopted. 
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PAPERS 


STRESSES SPACE STRUCTURES 


Synopsis 


The analysis any but the simplest space structures usually tedious 
operation because the three-dimensional nature the problem. the 
method herein presented most these difficulties are avoided substituting 
for the forces and stresses the three-dimensional structure, corresponding 
system co-planar forces, the magnitudes which may then found any 
the well-known, simple processes ordinarily applied the solution planar 
structures. These co-planar forces, turn, are readily translated back into 
the corresponding space stresses dividing them the cosine the slope 
the space member. 

The method was originated Professor Benjamin Mayor,’ the Univer- 
sity Lausanne, Lausanne, Switzerland, but his presentation based 
the principles the linear complex, mathematical, field little known 
engineers and extremely difficult follow. this paper the writer has 
avoided the use the complex and has based the theory well-known prin- 
ciples mechanics. 


system forces reducible any point space single resultant, 
and couple, Both may represented vectors acting the 
point, making angle, with each other. The vector, acts perpendicular 
the plane the couple, and the usual convention, points the direction 
translation right-handed screw when rotated the direction the 
couple. For clockwise couple, will point toward the back watch and 
will positive. 

the point reference moved, will remain invariable, but gen- 
eral, changes magnitude and slope. There one line, the “central axis,” 
parallel which the direction coincides with that other 
words, and both and act along the central axis. (The particular 


this paper will closed September, 1934, Proceedings. 
Civ. Eng., Princeton Univ., Princeton, 


*“Introduction Statique Graphique des par Benjamin 
Mayor, 1926. 
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any other point, distant from the central axis, still remains 
that axis, but lies the plane normal and makes the angle, with 
represented the relation, 


When infinite, Every value has the common prop- 
erty that its component the direction, constant and equal or, 


fact, every Vector tangent certain helix that wrapped around 
circular cylinder. The helix becomes steeper the radius the cylinder less. 

Besides the reduction screw type the system also reducible two 
resultants not lying generally one plane. This reduction may made 
infinite number ways. The line action one the vectors, may 
given, and the other, may required lie plane having given 
slope. The position this plane then becomes determinate and said 

Fig. the line, the central axis which, for convenience, will 
always assumed vertical. some point, distant from the line, 
the system equivalent the vertical resultant, and couple 
lying some plane, and represented the normal vector, 
Assume, first, that one the conjugate forces, lies the vertical 
plane containing and that intersects the latter required 
find its conjugate line horizontal plane. Through draw horizontal 
must equal Its horizontal component, and equal and opposite 


Therefore, and F’, are conjugate forces exactly equivalent 
the original system. 
Let the horizontal distance from Fy. Then, 


tan tan 


The horizontal position (or its projection) depends then only 
and the slope nothing known about the original (central) 


system, may given any convenient value suitable for the seale the 


3 V 
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Fig. 3 
Conjugate Stress Diagram 
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drawing. independent parameter, may have any desired value, 
and the vertical plane containing swung around axis, the 
central axis will likewise swing about this axis and lie some distance, 
from consistent with the construction Fig. For each position and 
magnitude there corresponding central system, but the selection 
arbitrary for each one, the same value may used for all. Thus, 


all these systems are tied the single relation, For 


every force, then, acting given point, there exists conjugate force, 
lying horizontal plane, the position which may determined 
once the use Equation (4). 

Let system forces acting joint space structure designated 
force and its conjugate are the resultants certain central system defined 
couple, So, and resultant, acting along central axis perpendicular 
the plane containing Vectors and are different for each system, 


but each one they satisfy the condition, Moreover, 


all the central axes are parallel. Hence, all the forces, and their 
conjugates, are reducible single central system defined the relation, 


which, and are the sums the individual vectors, and and 
any arbitrary constant. the forces, are equilibrium, 
horizontal plane. F,, being equilibrium, cannot produce any 
rotation translation horizontal plane. Neither, therefore, can the con- 
jugates, F’, (or their projections upon common horizontal plane). 
Hence, they, too, are equilibrium. This important deduction, and the 
central principle upon which the method herein presented based. 

The bearing this conclusion upon the solution space structure now 
apparent. The forces meeting joint may replaced system non- 
concurrent, co-planar forces that are equilibrium and the magnitudes 
which may found the simple methods applicable planar forces. Since 
the conjugate forces are parallel and equal the horizontal components the 
original stresses (but with opposite signs), the latter may found dividing 
each conjugate stress the corresponding value cos and reversing the 
sign. 

determined from Equation (4), apparently permits two locations 
and are directed shown Fig. evident that must act 
along its equal and opposite mate, when combined with 
give resultant acting the direction, Hence, the following rule: 
Assuming and positive and act the directions shown 


Fig. the observer stands and looks along ascends from the 
horizontal plane, the conjugate, will lie his right. 
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This rule holds whether acts away from toward because when 
negative, likewise negative always being assumed positive), and 


will still have the position shown Fig. but with its direction reversed. 

indicates that the projections and coincide. vertical 
translation the conjugate forces; but does produce moment the hori- 


equivalent saying that enters into the equations couple with con- 
stant moment Fig. shows that when acts upward, the 
conjugate moment, clockwise. nearly vertical, will fall be- 
yond the limits the drawing. this case, may replaced its 
vertical and horizontal components and treated before. 

The solution the conjugate stresses best effected graphic semi- 
graphic methods. Only the horizontal projection the structure needed. 
Regarding each joint turn the center, draw the conjugate lines for 
all the external forces and members meeting the joints. Those for hori- 
zontal forces pass through the joint and coincide with the corresponding lines 
the plan view. The conjugates the sloping members and forces will 
parallel their horizontal projections and may located the use 
Equation (4). symmetrical dome tower, there are relatively few differ- 
ent slopes, and most the conjugate lines may located symmetry. The 
conjugate member will need drawn only once, will serve for 
the joints both ends that member. The steepest slope will fix the maxi- 
mum practical value unless more desirable, the case very 
steep member, work with its vertical and horizontal components. 

When several members meeting joint the space structure lie one 
plane, their conjugates intersect point. not more than one unknown 
force stress lies without this plane, the value its conjugate stress may 
found taking moments about the common intersection point the remain- 
ing unknown conjugate stresses. When joint encountered which more 
than two unknown stresses exist outside plane containing the remainder, 
and the structure apparently, but not actually, indeterminate, the well-known 
devices used the analysis space structures, such the principle the 
exchange members, may likewise applied the solution the conjugate 
stresses. 

The conjugate stress, divided the cosine the slope, will give the space 
stress with its sense reversed. Changing its direction and applying the 
joint the stress tension compression according whether acts away 
from toward the joint. avoid this double reversal sense the true 
direction the horizontal components the known forces may used the 


and the resulting conjugate will then have the correct sense. 
rule for vertical forces will then read: When Force acts upward, the 
moment, will and will lead the correct 
the actual stresses., 

four upper joints, follows: 1000 Joint 45° 
45° upward; 1000 and downward Joint 1000 
Joint directed outward 30° with Member 3-4 and 45° downward; and 


for the conjugates. For the diagonal member, 1-4’, 
‘and since slopes downward from the observer stationed 
zontal ‘projections. for all the other members are quickly 
drawn from symmetry, and those for the external forces Joints and 
manner ‘and are given the directions the horizontal 
‘the actual forces. force Joint vertical and 

solution, somewhat akin Maxwell diagram (Fig. ‘has 
‘course, all the conjugate stresses could just 
‘readily have been found the use the three equations equilibrium. The 
for example, depends the fact that the resul- 
two the conjugate forces must pass through the point intersec- 
and resultant the other three. ‘Thus, the conjugates, 

the péint intersection conjugates the members, 1-4’, The 
force triangle corresponding the first three gives and the stress 
1-2: similar manner, the other ring stresses are found, includ- 
Member 1-4. ‘Then, the forces meeting the point, 
with stress Member the remaining two conjugates 
‘are obtained completing the force polygon (Fig. for the joint. The other 
are solved similar manner. Joint order to, take account 
the clockwise moment 4000 two equal and opposite forces are 
the joint and the other the intersection point the 
three conjugates. Since these points are apart, the magnitude 
the clockwise couple must 400 Ib. 

the base the tower, Joint fixed, Joint has horizontal 
Joints and are restrained directions perpendicular 
Members and respectively. The vertical reactions are most quickly 
taking moments about the base joints the known conjugate 
and diagonal meeting there. Thus, for taking 


4 n 
| 4 
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moments about Joint 1’: 


Moment diagonal conjugate 707 7.07 
Moment column conjugate 135 4.0 


Since the moment, counterclockwise acts upward. 

The stresses the bottom members and the horizontal reactions are 
obtained resolution the conjugate stresses for the column and diagonal 
the required directions, beginning with the free joint, 3’. The stresses and 
data for the solution the structure are shown the plan view (Fig. 2). 

The advantages the method increase with the complexity the structure. 
there are several cases loading, the conjugates for the members remain 
unchanged, and only those for the external forces must added each case. 


The use articulated space structures has been limited the United 
States, due possibly the involved calculations the more complicated 
character the fabrication. There are many occasions, however, when they 
could used advantage. The method outlined herein should simplify the 
computation the stresses considerably, and with the development welding 
and other modern facilities shop and field, such structures are likely 


used more frequently. The writer feels that discussion this aspect the 
subject would interest the profession. 
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EXPERIMENTS WITH CONCRETE TORSION 


Synopsis 

Torsional stresses are developed structural member subjected 
the action couples that lie planes perpendicular its axis. 

the ordinary building frame, provision seldom made for taking care 
stresses this nature, and current literature the design reinforced 
concrete structures contains little the subject. The attitude the design- 
ing engineer avoid torsional stresses rather than take them into 
account; and rule they can avoided quite successfully. 

There are, nevertheless, number types structural members which 
twisting forces occur such forces should not left take care them- 
selves. The most important case that longitudinal balcony girders that 
support cantilever beams. Exterior floor-beams will develop torsional stresses 
due the deflection adjacent loaded panels. skew arch submitted 
vertical load and rigid-frame portal sustaining horizontal wind pressure 
also present problems torsional resistance reinforced concrete. 

This paper deals with the general behavior torsion plain and re- 
inforced concrete; its resistance against failure; and various types reinforce- 
ment that will increase its ultimate torsional strength. 


summary the notation introduced this paper presented herewith 
for the convenience discussers: 


one-half the side dimension square test prism; 

spacing bars measured horizontal cutting plane; 

compressive stress test cylinders; subscript, denotes 


subscript denoting “steel”. 


this paper will closed September, 1934, Proceedings. 
Portland Cement Assoc., Chicago, 
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4 
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diagonal stress developed specimen without spirals; 
shearing stress: ve, along the edge cylinder produced 

area: steel bars; 

modulus elasticity: shear; 

reinforcement efficiency factor that allows for tension 
taken reinforcement; 

substitution factor; unit 

moment; twisting moment; 

number bars, 45° the axis, cut horizontal plane; 

curve Fig. 10; 

curve Fig. 10; 

angle between two radii horizontal cutting plane; 

distances horizontal cutting plane, measured from 
the steel. reinforcement; p,, the point of. 
tension the conerete; 

angle twist per unit length cylinder. 


homogeneous and isotropic material, 


which, the stress per unit area; the 
city shear; the distance from the axis the and the 
per unit length. 


This state pure shear equivalent one direction and equal 
compression the perpendicular direction. rectangular from 
the outer layer twisted shaft with its sides 45° axis; therefore; 
will subjected the stresses shown Fig 1(a), are. 
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cally equal the case material that weaker tension than 
shear (such concrete cast iron) crack along helix inclined 45° 
the axis will occur when the ultimate tensile strength has been exceeded. 
follows that the most effective reinforcement for concrete member designed 
resist failure torsion spiral angle 45° with the axis. 

In.the formulas that, follow, the line thought analogous to. that for 
the design web reinforcement beam subjected bending; namely, that 
sufficient reinforcement must provided resist tensile stresses excess 
the permissible tension for plain concrete. The line, AC, Fig. 
répresents the variation shearing stress along arbitrary radius, AB. Let 
the shearing stress along the edge produced twisting moment, 
and let denote the permissible tensile stress for plain concrete. 
triangle will then represent intensities diagonal tension for which reinforce- 
ment must provided. 

Consider small element distance, from the axis. The shearing 
force this element excess the permissible stress is, 


The tensile and compressive components this are numerically equal. 
Each one equals, 


accordance with the foregoing assumption, the sum the moments with 
tespect the axis the tensile components must equal the moment the 
steel stresses with respect the same axis, thus, 


: 2 


horizontal section; ts, the allowable stress steel bars; the cross-sectional 
area steel bar; ps, the distance from Axis the steel bars; the 


shearing stress distance, from the axis; and radial dis- 


tance Fig. 1(b). 
(4) substitute: 


and perform the integrations; thus: 


ual 

re; 
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the concrete assumed not taking any part the shearing stresses 
when these exceed the permissible tension for plain concrete, the case 
shown Fig. formulas corresponding Equations (4) and (7) are, 
respectively 


and, 
4 


Equation (5) identical for both cases. 


SECTION 


For circular section, Equations (7) and (10) give the number bars 
required and are known; computed from the twisting moment, 
and already stated, the allowable tensile stress for the plain con- 
crete. designing square section the equivalent circular section (that is, 
one that has the same torsional resistance) can used. 

The maximum shearing stress for circular section with radius, pe, is, 


The maximum shearing stress for square section with length side 
equal is, approximately, 


(12) 


Mm = err eee ere 


a 


. 


| 
& 


side 


(12) 
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Equating Formulas (11) and 0.943 and Hence, 
the equivalent circular section approximately the round section with 
radius equal one-half the side the square section, the inscribed circular 
section. 

Fig. shows square section subjected torsion. The shearing stress 
varies along the edge approximately second degree parabola; therefore, 
the reinforcement stressed more highly the center than near the corners. 
If, therefore, the equivalent circular section considered reinforced 
with the same number rods, clear that would show greater resistance, 
due the fact that its would equally stressed and, there- 
fore, better utilized. Consequently, Equations (7) and (10) are used for 
square section express the surplus tension taken the reinforce- 
ment, factor, (which less than one) must introduced. Therefore, 


6K F v*, = (ve to)* (3 Ve 2 Ve te + 


or, 


Equations (13) and (14), reinforcement efficiency coefficient relating 
the variation tensile stress along the edge. The efficiency coefficient for 
the square section shown Fig. is, 


b? 


Previous INVESTIGATIONS 


Experiments with plain and reinforced concrete torsion are recorded 
early 1904 Stuttgart, Germany; 1910 and 1911, Professors Bach 
and Graf;? and, 1920, Professors Graf and the Engi- 
neering College Further tests were made 1922 Messrs. 


Young, Sagar, and Hughes, the University Toronto, Toronto, Ont., 
Canada.‘ 


AND 


The testing, under torsion, forty-eight specimens will reported this 
paper. The specimens were divided into six types shown Fig. namely: 


Type Six circular specimens plain concrete; the control cylinder 
strength -varied from per in., 5535 per in. 

Type B,: Nine square specimens reinforced with square corner rods; 
the control cylinder strength varied from 2110 per in. 

Deutscher Ausschuss fiir Heft 16, 1912. 

Bulletin No. Univ. Toronto, Univ. Toronto Press, 1922, pp. 


) 
4 
is 
q 
1 
i 
J 1S, 4 
11) 


646 EXPERIMENTS WITH TORSION Papers 


Type B,: Nine square specimens reinforced with square corner rods 
and round ties, spaced in.; the control cylinder strength varied from 
1950 5300 per in. 


Type B,: Nine square specimens reinforced with square corner rods 
and round ties spaced in.; the control cylinder varied from 

Type D,: Six square specimens reinforced with square corner rods and 
round 45° spirals; the spacing the spirals was in., measured 
perpendicular the 45° direction; the cylinder strength varied 481 

D,: Nine square specimens reinforced with square corner rods 
and round 45° spirals; the spacing the spirals was in., measured 
their direction; the cylinder strength varied from 950 800 
per in. 

The Portland cement used the concrete passed the 
standard specifications the Society for Testing Materials. Sieve 
analyses the well-graded torpedo sand from the Wabash River, Attica, 
Ind., showed fineness modulus 2.89 and surface modulus 18.5. The 
gravel, also from Attica, was graded from in. in. size. 

Concrete for all test specimens was machine-mixed The con- 
sistency indicated slumps in. for the various batches, with 
mean value and average flow (percentage increase base diameter 
flow cone) 145. All specimens were cured moist for days before testing. 

The reinforcement consisted hard-grade steel for corner and 
annealed black, soft-grade wire for spiraling and ties. was subjected 
the usual standard tensile tests, the results which are given Table 


a A 


: B 3) Do 
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indicated Fig. the ends the square specimens were not made 
larger than the test piece. order prevent local failures the 
the ends, reinforcement the form square steel rods 
was embedded furnish bearing against the structural steel grips the 


ing machine. standard torsion machine with capacity 230000 in-lb 
was used. 


Ultimate 
Percentage 


Size, inches elongation 


0.01732 300 


Fig. shows the set-up for square specimen. Strain-gauge readings 
the 45° directions were taken three sides the test piece 2-in. Berry 
gauge. the fourth side strains, also the 45° directions, were recorded 
two extensometers. Steel plugs for the extensometers well for the drilled 
strain-gauge holes were set and grouted the concrete about two weeks before 
the day testing. The angular distortion was measured the difference 
totation between two sections in. apart. each section was attached 
steel frame that made contact with the specimen four points; the frame 
carried horizontal steel bar. The angles rotation these bars were 
determined level-bar with attached screw micrometer. 


Elastic 
inches per square per in. 
inch inch 
: 
. 
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The angle twist was measured intervals ranging from 000 
in-lb; the interval was generally made smaller the ultimate strength the 
specimen was approached. Strain-gauge and extensometer readings were 
recorded the same time readings the torque-indicating mechanism. 


Fig. shows the stress-detrusion diagrams for three typical types speci- 
men, namely, plain concrete, low strength (ultimate, 250 per in.; 


Specimen 


© Specimen Dy 
Specimen Ry 


Theoretical Maximum Shearing Stress 
in Hundreds of Pounds per Square Inch 


Curve 
Principal Tensile Stress 


Stresses Computed from Moments 


in Hundreds of Pounds per Square Inch 


Angle of Twist per Unit of Length Measured Strains 
in Hundred Thousandths Radians per Inch in Ten Thousandths of an Inch per Inch 


Fic. 


control cylinder, 2000 per in.); plain concrete, high strength (ulti- 
mate, 420 per in.; control cylinder, per in.); and D,, spirally 
reinforced concrete high strength (ultimate, 750 per in.; control 
cylinder, 200 per in.). 

While the torque-twist curve for plain concrete member 
straight, seen that approaching the ultimate stress, the torque-twist 
curve spiral reinforced specimen shows marked curvature and consider- 
able twist, which indicates that the member decidedly tough. 

noticeable difference was observed between the tensile and the compres- 
sive strains recorded the extensometers. Fig. shows these strains 
plotted against stresses computed from the applied twisting moments. the 
two principal stresses must equal numerically, different strains can only 
accounted for different moduli elasticity, differences the 
value Poisson’s ratio, tension and compression. This difference was 
more pronounced for low-strength, than for high-strength, concrete. 


12 14 16 18 #19 
Principal Compressive Stress 
1 = 1 / 


we 
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Table gives the modulus elasticity shear for plain concrete vary- 
ing torsional strengths. These are secant moduli determined about three- 
fourths the ultimate strength. 


Compressive strength control 


cylinder, pounds per Ultimate torsional strength, Modulus elasticity shear, 
square inch pounds per square inch pounds per square inch 
000 250 420 000 
250 300 380 000 
300 315 440 000 
Unreliable 350 540 000 
200 420 140 000 


The state stress concrete member torsion resembles that 
web concrete beam bending; that is, the governing stress diagonal 
tension. Under torsiomal shear round shaft concrete, invariably, will 
fracture along helix the angle which 45° with the axis. The fracture 
occurs where the tensile stress maximum, and indicates that concrete has 
lower resistance tension than shear. Fig. shows typical torsion 
fracture round specimen. 

Although the state stress for square section more complicated than 
that for circular section, similar distribution occurs, and the square 
specimen develops fractures angles with the axis approximately de- 
grees. Fig. shows characteristic torsion failure for square test piece. 


8.—TYPICAL TORSION FRACTURE ROUND SPECIMEN 


The ultimate torsional moments were carefully recorded for each specimen. 
The corresponding maximum shearing stresses were computed Equation 
(11) for section with radius, pe; and Equation (12) for 
section with side equal 2a. 


es- 


These stresses were plotted against the ultimate compressive strengths 
the corresponding control Fig. and straight line was fitted 
each set the method least squares. Fig. shows that the presence 


Maximum Shearing Stress 
in- Hundreds of Pounds per Square Inch 


B, Observed te 

D2 Observed ve 


© R Plain Concrete 
o © B, Corner Rods 
© Bo Corner Rods and Ties,6" Spacing 
® B3 Corner Rods and Ties,3” Spacing 
® D, Corner Rods and Spirals,3" Spacing 
‘© D2 Corner Rods and Spirals, 2” Spacing 


2 3 
i Cylinder Strength in Thousands of Pounds per Square Inch 


Fic. 10. 


4 


corner rods adds the torsional strength; that the addition ties will further 
raise the ultimate strength; and, also, that the most effective type reinforce- 
ment used these tests the 45° spiral. 

interesting note that the quantity steel wire per unit length 


specimen the same for Type and Type Thus, for Type 


in. wire per in. specimen; and, for Type D,, 


ultimate strength considerably higher the spiral reinforcement than 

Fig. comparison has been made the observed torsional strength 
the specimens Series (see Fig. 4), and the theoretical torsional 
strengths computed Equations (13) and (14). 

Specimens were reinforced with four corner rods; Specimens had 
corner rods the same size and additional close spirals. seems natural as- 
that the higher ultimate strength Specimens due entirely 
the action the spirals; or, other words, that the differences. between 


5 
a 
© 
© Legend 
2 
ip BY 
| 
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(see Fig. (b) and Fig. 2), which, the maximum diagonal stress 
developed specimen without spirals, and ve, the tensile stress sustained 
similar test piece having additional spiral reinforcement. 

desired compute the ultimate strength, the quantity, As, 
Equations and (14), equals the yield-point load one wire and accord- 
ing Table 750 lb. 


The coefficient, can calculated from Equation thus, 


Equations (13) and (14), gives, 


which, Equation (16) represents the case illustrated Fig. 1(b) and 
Equation (17), the case indicated Fig. 

If, Equations (16) and (17), values are inserted corresponding 
different cylinder strengths, indicated Line Fig. 10, equations 
with one unknown, will result. These equations can solved trial. 
Corresponding values and are given Table 


STRENGTHS 


per square inch Tensile strength, Shearing stress, Tensile strength, Shearing stress, 
te, for plain ve, along the te, for plain ve, along the 
concrete edge cylinder concrete edge cylinder 


The lines connecting these points represent the theoretical torsional 
strengths plain homogeneous members equivalent specimens Series Ds. 
indicated Fig. 10, the agreement between the observed ve, and the value 


computed according Fig. (b), appears considerably better than that 
calculated according Fig. 


Except for the German and Canadian experiments, already cited, few data 
have been published regard plain and reinforced concrete under torsion. 


or, 
her 
ce- 

000 343 610 343 396 
500 374 647 374 426 
000 405 684 405 456 
500 435 721 435 486 
000 466 758 466 516 
500 496 795 496 546 
000 527 831 527 576 
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The conclusions that can drawn from the experiments reported this 
paper, and that more less confirm the test results these experiments, are: 

1.—The modulus elasticity shear concrete depends its ultimate 
strength. High-strength concrete has higher shearing modulus than 
low-strength concrete. 

2.—Concrete torsion fails tension due its low tensile strength. 
The safe working stress for concrete torsion must considerably less than 
its ultimate tensile strength; the factor safety should not less than 

addition corner rods will increase torsional resistance. The 
writer believes, however, that this extra strength becomes proportionately less 
for larger sections; should not relied upon, therefore, designing con- 
crete members subjected torsion. 

4.—The addition vertical web reinforcement will further increase the 
torsional resistance and can considered the design, provided this rein- 
forcement forms completely closed ties such are used 

5.—The most effective type reinforcement the 45° spiral. raises the 
ultimate torsional strength and adds considerably the toughness 
the member. 

The deduction made from the experimental data presented this 
paper that the spiral reinforcement can assumed take practically all 
tensile stresses excess the ultimate tensile strength the unreinforced 
concrete. suitable factor safety chosen, design formulas can 
developed for structural members this basis (see Fig. 1(b)). 
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WAVE PRESSURES SEA-WALLS AND 


BREAKWATERS 


method evaluating wave pressures that may expected given 
locality presented this paper and the writer applies the results his 
observations the investigation structural stability, design, sea- 
walls and breakwaters. Since all factors contributing the solution 
the problems herein considered are only approximately knowable, theoretical 
approach was deemed advisable. However, all available observational data 
were used evolving method analysis. 

Engineering structures should designed with certain margin safety, 
yet not wastefully. the past many structures, first designed and built, 
required rebuilding after each severe storm until satisfactory structure was 
finally developed. The design method herein presented should enable one 
appraise his problem within reasonable limits, and arrive fairly economic 
solution, according well with experience existing structures enduring 
stability. The concluding remarks and two illustrative problems substantiate 
this claim. 

Certain data wind velocities are included the labor in- 
volved collecting this information which not readily obtainable from the 
United States Weather Bureau records. Data weights cribs and 
coefficients friction, essential and important design and stability in- 
vestigations, are given because the elements judgment and experience enter 
largely into their choice. The meager textbook information available may 
not even applicable, may misleading. 


THE PRoBLEM 
Sea-walls and breakwaters are exposed the action waves generated 

high winds, sweeping over considerable expanse open water. The size 

this paper ‘will closed September, 1934, Proceedings. 


*U. Constr. Engr. for Superv. Archt., Treasury Dept., Lansing, Mich. 
Designing Engr., Toronto Harbor Commrs., Toronto, Ont., Canada). 
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wave for any particular locality depends the the wind, 
tion the storm, depth water, and the greatest distance over which the 
wind can act, provided the water sufficient depth for wave formation. 
Assuming constant velocity and direction wind, the height wave 


the assumed wind velocity will just maintain. This distance from the wind- 
ward shore the wave called the “fetch” the wind. When the fetch 
great and the depth water ample, the wave will attain the 
limit height before reaching the leeward shore, continuing with constant 
height until some resistance encountered shallower water against 
structure some kind. 

wave increases size according the distance out from the wind- 
ward shore, its length also increases and does its velocity propagation. 
When the balance finally attained between the wind velocity and the wave 
dimensions, the velocity the wave longer increases,. but 
without for long distances even after the subsided, 

Assuming for the present that the height wave may estimated for 
given fetch and wind velocity, established for given location where 
proposed construct sea-wall breakwater, the next step evaluate 
the probable mass and velocity such deep-water wave and, finally, 
trace its retardation and diminished dimensions advances into shallower 
water previous striking the wall where its stopped.. case 
the wall situated that the maximum wave cannot strike normally, there 
will further reduction resolving the wave force normally the face 
the wall. 

Having finally decided the probable size that may expected 
arrive front wall, the next step estimate the height which 
this wave will piled when completely obstructed, and then decide 
the full height completely obstructed portion the wave 
will over the top and the wave will only partly obstructed. 

When wave partly completely stopped wall, portion, all, 
its energy converted into dynamic force, turn represents the 
static equivalent the expended energy. wall-structure must capable 
resisting this static equivalent exceeding certain 
structural stability and safety. 

The foregoing phases the problem will next detail, 
show that each element may quantitatively evaluated logical sequence. 
should remembered, however, that all formulas used this connection 
are based observations which are themselves quite approximate, while 
theoretical basis only remotely observational data herein 
cited were mostly those reported 1904 the (afterward Lt.-Col.) 
tions made the writer 1915, connection with’ the harbor development, 
Toronto, Ont., Canada. 
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‘miles, the height, feet, may estimated for any wave the aid 
the following formulas: 


For values greater than miles: 


and, for values less than 


which are based the formulas Thomas after introducing wind 
velocity variable, and using statute miles instead nautical miles. These 
formulas apply only inland lakes where the fetch not likely exceed the 
distance subjected violent wind single direction. 

With few exceptions ocean waves rarely exceed height, corre- 
sponding wind velocity miles per and fetch about 900 miles, 


which represents circumstances. Ocean storms are 


generally more less local, and not cover more than 100 miles. 
Since the oceans are of. much greater extent than any possible storm, the 
fetch restricted the storm area, which may anything from few miles 
to, say, 900 miles, and formula can made apply such indeterminate 
Hence, the only reliable data relative the height ocean 

waves must collected direct observations for any given locality. 
extensive collection such observations was published Captain Gaillard.‘ 


The highest has the minimum length ratio, and the 
the height diminishes and the length ratio increases. Fig. gives cer- 
tain, dimensions for waves which will throughout this paper. The 
period, wave, the time, the crest travel the dis- 


. .Surface Orbit 


Bottom 


feet, and the velocity wave propagation, feet per 
second. 


(a) The Ratio, 


varies between rather wide limits 


*“Design and Construction Harbours: Treatise Maritime 
Thomas Edition Edinburgh, 1874. 
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depending the velocity the wind, the duration storm; and the 
depth water which the wave formed. According observations 
Captain Gaillard fresh and relatively shallow water, varies between the 
limits, 9.1 and 15. formula proposed herein, expresses this ratio terms 
wind velocity, follows: 


Equation (3) gives the following values for wind velocities: 


24.7 
21.0 
18.7 
16.8 


15.3 
14.0 
12.9 
12.0 
11.2 


For ocean waves, Dr. Gerhard gives the values listed Table 


Description 


Beaufort 
scale 


Wind Wave length, 
miles per 


hour 


33h 
20h 
17h 


The ocean waves are thus seen relatively longer than waves the 
Great Lakes, might expected. 

(b) Height Wave Above Still-Water the crest wave 
above the still-water level and the trough below that level, sometimes 
erroneously assumed that the still-water level represents the mean the two. 
However, many observations various investigators show the crest 
about above the still-water level deep water, and rising still higher 
shallow water, fact which must not disregarded when examining the safety 


structure. 


According Captain Gaillard, the height wave crest above still-water 
level, before the wave breaks, given the following formulas: 


For deep-water waves, with 


and for shallow-water waves, with 


Professional Papers No. 31, Corps Engrs., 87. 
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For deep-water ocean waves, gives the formula: 


The term, still-water level, used herein, represents line (see Fig. for 
which the sectional area the wave ridge equal that the wave hollow. 

(c) Depth Water Which Wave waves may break 
deep water due the action increasing wind and other causes, they 
always break when they reach water insufficient depth. knowledge 
this minimum depth necessary determining the maximum wave that may 
expected arrive certain structure located shallow water. Un- 
doubtedly, the roughness the bottom has much with this subject and 
would seem that the depth which wave breaks much less for rough 
bottom than for smooth sandy bottom. 

For fifty-five observations the Duluth Canal Captain Gaillard, for 
waves from height and sandy bottom sloping about 1:40, 
the waves broke depth equal 1.72 Similar observations Lake 


Superior near Presque Isle Point, Mich., and Grand Marais, Mich., with 
rough bottom and waves from high, the waves broke depth equal 
For ocean waves St. Augustine, Fla., with strong wind blowing 

the direction wave travel, the waves broke depth 1.25 

Therefore, the depth which wave breaks, the relations listed 

Table may accepted for storm waves with the wind the direction the 

wave travel. 

the height wave) 

ave 

rin 

fety 

ater this point the paper has dealt with wave dimensions, and the relations 
between these and the actuating force. The dynamic properties, in- 
duding the velocity propagation, energy wave, wave pressure, and 
height completely obstructed wave will now considered. 

for waves water that very shallow compared with the wave length, the 
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which, the acceleration due gravity. According Captain Gaillard, 
Equation (5) almost invariably gives results excess observed velocities. 


The theoretical velocity for deep-water waves with is: 


For shallow-water waves with Equation (6) becomes: 
2 


which, constant expressing the ratio the semi-minor the semi- 
major axes the surface orbits, has the values indicated Table 


Depth Ratio, Ratio, Ratio, 
orbits orbits 
0.552 1.814 0.977 1.04 1.023 
0.746 1.796 1.340 0.35 0.988 1.025 1.013 
1.358 1.165 0.40 0.994 1.013 1.007 
1.085 0.45 1.007 1.004 
0.25..... 0.958 1.090 1.044 0.998 1.004 1.002 


The wave length, and velocity, are materially altered when the depth 
gradually decreases toward shoal shore, and Captain Gaillard proposed 
empirical formula based number observations made the Duluth 
Canal, where the waves entered the canal depth ft, while the portion 
wave outside the canal entered shallow water, gradually shoaling 3.3 ft. 
The formula is: 


which, the velocity the wave approaching from depth, which 


with reduced height, 


should not greater than and the reduced velocity when the depth 


has shoaled the lesser depth, wave thus retarded will then have 
reduced height, 


applying Equations (8) and (9) well choose depth instead 
because the dimensions deep-water wave are not appreciably altered 


until after the shoaling has become effective. 


| 
| 
| 
| 
4 
4 
i | 
i 


uve 


stead 


May, 1934 WAVE PRESSURES SEA-WALLS AND 659 


(b) The Energy Wave.—The theoretical energy, foot-pounds, 


deep-water wave length, ft; height, ft; and breadth ft, for 
fresh water, given by: 


For salt water, the coeffecient, 7.8, becomes 8.0. 

For shallow-water waves the energy decreases from 10% below the 
value given Equation (10) and the appropriate formula becomes rather 
complicated. particular use made this formula, the matter will 
not further investigated. 

(c) Wave-Pressure enumerated the various steps 
arriving the probable dimensions storm waves for given locality, the 
important question confronting the designing engineer, appraise with 
some reasonable degree accuracy, the force that such wave develops 
striking proposed structure. The most satisfactory manner attacking 
this problem direct the force expended im- 
pinging waves solid structure carrying series self-registering 
dynamometers. 

Dynamometer measurements were carried for many years Thomas 
Stevenson, Skerryvore Rocks, the Atlantic Ocean, 1843 and 1844, and 
Dunbar Harbor, attempts measure wave pressures 
the Great Lakes were made various times, but without gaining much 
information value. The experiments made, 1901 1903, Captain 
Gaillard Lake Superior, stand the most valuable contribution this 
subject. 

Before mentioning any experimental results, the following conclusions, 
arrived Captain Gaillard result his work are, that: (1) The 
impact wave does not resemble that solid body; (2) the pressure 
indicated the types dynamometers heretofore used are due dynamic 
action only; (8) the pressures mentioned Conclusion (2) apparently con- 
form the hydrodynamic laws governing the action current flowing 
normally against submerged plane; (4) mass water air projected with 
velocity against plane surface can produce greater pressure than 
would caused the steady flow against this surface jet equal 
cross-section having the same velocity and striking the same angle; (5) 
from Conclusions (1) (4), follows inference, that mass water 
projected against submerged plane surface considerably smaller area than 
the cross-section the mass, can produce greater pressure than would 
caused the steady flow the same velocity current against sub- 
merged plane surface equal area and similar the first; and (6) the 
most destructive waves act for appreciable period, the pressures they exert 
can properly measured suitably constructed dynamometers. 


Professional Papers No. Corps Engrs., 145. 
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The formula for hydrodynamic pressure submerged plate (in pounds 
per square foot) according Dubuat,’ is: 


which, the velocity forward motion the plate. The total velocity 
the striking wave consists the combined velocity propagation, and 
the maximum orbital velocity, vo, wave particle, that Equation (11) 
should modified represent the maximum value (in pounds per square 
foot), 


which, empiric coefficient evaluated from Captain Gaillard’s observa- 
tions for the Great Lakes 1.30 1.71 for winds from miles per hr. 
For ocean storm waves, may taken 1.8. For fresh-water waves, 
62.4 per and for salt-water waves, 64.4 per ft, while 
the acceleration due gravity 32.2 sec-ft. 

The velocity propagation for waves formed any depth water 
given Equation (7). The maximum orbital velocity wave particle, 
similarly, is: 


which, the.semi-major axis the elliptical orbit, and the 


ratio the axes the elliptical orbits. The numerical values and 
given Table render these expressions applicable the solution 


problems. 
Introducing the numerical values and Equation (13) becomes, 
cBh 14.22 


and, with values and substituted into Equation (12), the maximum 
unit wave pressure, pounds per square foot, becomes: 


which, the sum Equations (7) and or: 
and 1.71 and 1.80, for fresh-water and for salt-water storm waves, 

respectively. 
The values given for are maximum for 75-mile wind and may become 


low 1.3 for 30-mile wind. When equal to, less than, 0.5, 


1.00, which the condition for deep-water waves. 
Professional Papers No, Corps Engrs., 174 
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Having determined the maximum pressure exerted striking wave, 
necessary know the elevation above still-water level which this maxi- 
mum occurs, and the height which completely obstructed wave acts. 
‘The maximum wave pressure occurs height, above still-water level, the 

theoretical value which is: 


although better results are secured by: 


When wave completely obstructed vertical surface sufficient 
height, the wave crest raised height equal above the still- 
water level, and, this height, the pressure becomes zero. With the fore- 
going data possible design the entire wave-pressure area and thus 
evaluate the total force resisted proposed structure. 

Oblique Waves.—Waves striking breakwater obliquely produce less 
pressure than those that strike normally. Using the relations indicated 
Fig. the wave pressure, from Equation (12), reduced value, 


Face of Breakwater 


Fig. 


Observations made the writer Toronto, gave the follow- 
OBSERVATIONS 
(a) Wave-Pressure Observations Lake 1901 and 1902 
Captain Gaillard made numerous observations Lake Superior which repre- 
sent the best available data and will serve pattern for wave-pressure curves 
(see Table 4). regrettable that accurate wind velocities were recorded, 
although was stated that moderate wind, from miles, produced these 
waves Duluth, Minn. The pier carrying the dynamometers was not 


height obstruct the larger waves completely, that for those 
higher than the recorded pressures are for partly obstructed 
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The coefficient, Equation (12), was chosen because none the 


waves listed Table was caused extreme storms, while the possible maxi- 
mum coefficient, 1.71, given for Equation (12) more probable for winds from 


miles per with shorter waves. 


Maximum 
Wave READINGS, PoUNDS PER 
foo 
(2) (3) (4) (10) (11) 
1901: 
July +1.7 150 7.8 330 
Aug. +1.9 130 8.0 348 
Oct. +1.9 150 8.4 876 
Nov. +1.4 150 9.0 705 
Sept. +1.9 250 9.3 344 
1902 
Oct. +1.7 200 9.5 026 
Dec. +1.7 210 9.4 120 


order arrive the total wave pressure resisted sea-wall 
breakwater, becomes necessary design the complete wave-pressure 
curve from data previously calculated for given wind velocity and fetch. 
This will determine the wave dimensions, and from which vo, and 
may evaluated. now remains find the total wave pressure for com- 


pletely partly obstructed wave these dimensions, and this must ap- 


proximated patterning after some typical set observations such those 

shown Fig. For this case the fetch, 260 miles, with 


210 


point midway between Points and Fig. 3), may assumed 
equal 0.72 when designing wave-pressure curve. 


selecting the maximum pressure values for 16-ft wave from Table 


and plotting them composite pressure curve, the section shown Fig. 
was obtained. The crest this 16-ft wave determined Equation (4) 
2), was 10.8 above the still-water level, and this crest was raised 
height 18.3 for the partly obstructed wave, with the trough 5.18 
below the still-water level. 


ho =2a=21.64ft 
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2550 Ib per sq ft 


H= 16ft 
h= 16 ft 
a=10.82 


wo 
6 - 1.63 
4 wave 
Trougt 


Face of Pier 


Lake Bottom 


Fic. COMPOSITE PRESSURE, CURVE BASED OBSERVATIONS FOR 
WAVE SUPERIOR, DULUTH, MINN. 


Had the wave been completely obstructed, its crest would have reached 


hose the total pressure the completely obstructed wave with the maxi- 
mum pressure 0.12 1.9 above the still-water level. (By Equa- 
tion (15), 1.4 (31 9.57)* 2300 per in.) The pressure curve 
Completed drawing the curved The total wave pressure for the com- 
Ib, acting the center gravity for the pressure area which 
above still-water level. For the partly obstructed wave observed, the 
wave pressure, computed 340 acting 5.42 above the still- 

water level. 
The composite wave pressure curve thus described, represents the plotting 
the maximum pressures recorded, for the duration storm, the 
dynamometers located different elevations. evident that this 
able produced any single wave, but that waves various sizes contribute 


Fig. produce the maximum pressures recorded. Hence, the total pressure area 
such curve undoubtedly greater than the actual and thus includes 

5.18 (b) Wave-Pressure Observations Lake Ontario—The record herein 
was observed the writer connection with the sea-walls and 
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breakwater the Harbor Toronto, produced storm that began 
5:00 November 18, 1915. about 7:00 November 19, with 
east wind, the maximum, miles per was attained. Dimensional 
wave measurements were made 10:00 M., with the wind velocity 
miles per hr, after which veered the southeast and finally died the 
south about 2:00 

The pressures were recorded spring dynamometers mounted solid 
crib situated about 700 offshore about water. distance 
about 1200 from the crib, the water deepened rapidly about ft. 
front the crib, three piles were driven 150-ft centers forming equila- 
teral triangle and carrying gauge-boards for observing wave height, and the 


Still Water Level 


Mean Lake Level 
Elev. 245.0 ft x 


1500 


(a) 


Top of Wall 


Still Water Level Deep Water Wave Elev. 245.0ft 


NOVEMBER 19, 1915, USING 


direction and velocity wave crests. Fig. 4(a) and Fig. 4(b), which 
show the results these the fetch, equals 156 miles from the 
east and miles from the southeast. The wind velocity, was miles per 
from the east, shifting miles per from the southeast, when the 
waves maximum, and (Fig. 4(b)) 5.5 ft; 118 ft; 
19.8 per sec. 
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0.068; 0.68; and 1.66 (see Table 3). Equations (7) and 


per sec, and, Equation (15) (with 1.3), 688 per ft. Equa- 


tion (8) gives 0.9 17.45 per sec. with reduced height 


The deep-water wave dimensions Fig. 4(c), were estimated for wind 
velocity, miles per and fetch, 100 miles, representing some- 
thing like average condition prior reaching the maximum. For this 


per sec, and Equation (15) (with 1.3), 1556 per 

ft. The still-water level was Elevation 245.0 deep water and began 

rise when the depth was reduced where the waves broke, and finally 

reached Elevation 247.2 the beach (Fig. 4(a)). 

After entering shallow water, and producing the record shown Fig. 
4(b), the reduced wave had height 5.5 ft, length 118 ft, and 
velocity 19.8 per sec. These dimensions and pressures were checked 
applying the foregoing equations show the agreement between computed and 
observed values. thus seen that for given condition wind, fetch, 
and depth which proposed breakwater built, the wave-pressure 


curve may estimated with sufficient accuracy test the stability the 
proposed structure. 


The foregoing parts this paper present the several steps evolving 
wave-pressure curve from given fetch and wind velocity, or, other words, 
evaluating the wave effect produced certain cause. The ultimate aim, 
however, design breakwater crib adequate dimensions withstand, 


safely, the wave pressure which may exposed during the most severe 


storms. 

The complete solution such problems will now undertaken the 
assumption that the exact location for proposed structure and the maximum 
wind for the locality are known definitely. The examples chosen are the 
breakwater Harbor Beach, Mich., and Magann’s Pier Toronto, both 
which have withstood many severe storms since 1900 without showing any 
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marked structural weakness. Hence, the method analysis herein given 
leads findings conformity with the actual behavior these structures, 
the speculative features involved the method will have been reduced 
negligible quantity. this connection the wind roses Fig. and the weight 
data Table will value. The wind roses (Fig. show maximum 
wind velocities for the eight cardinal points and the dates which they 
These data were obtained from the officials the Weather 
Bureau the several stations. All the wind velocities are based readings 
from three-cup anemometers. 


WEIGHT,IN NTS 
OEFFICIENTS FRICTION 


Material 
work contact....... 0.65 0.70 
Limestone rip-rap (40% 100 62.5 Stone 0.70 
0.70 
Concrete, 152 89.5 Concrete rubble base, 
Timber, green, shipped....... cribs rubble 
Timber, wet (including mound, submerged............ 0.90 
Average timber cribs, filled with 
Uplift. 


Problem 1.—Stability Investigation Harbor Beach Breakwater (See 
Fig. 6).—The fetch, for Harbor Beach Breakwater, scaled from map 


Lake Huron, found 132 miles north, miles northeast. The latter 


fetch about normal the breakwater. The maximum wind velocity from 
the north taken miles per hr. 


Since waves usually swing more less normally the shore the water 
becomes shallower, the larger wave assumed arrive normally front 
the wall. Hence, the deep-water wave Equation (1) has 15.18 and 
Equation (3), 14.0 212 ft. The height this wave 
still-water level Equation (4) (with 8.65 ft. making 


6.48. The deep-water wave will break when the depth becomes 
27.84 ft. Since ft, the wave will strike the breakwater 


before breaking, and hence without appreciable reduction due 


effect. The problem thus 


2 
212 
gives 0.829 and 1.21, interpolation. Equation (16) now gives 
36.2 per sec, and the maximum unit wave pressure Equation 
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Oswego, NY 1871-1931 Toronto, Ont. 1911-1916 Buffalo, N.Y. 1914-1929 


Dec. 1926 
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Detroit, Mich. 1913-1931 Port Huron, 1874-1930 


Oct. 1929 


W Tune 1879 May = 
Auditorium Tower Chicago,Navy Pier, 1927-1930 Milwaukee, Wis. 1882-1930 


RECORDS FOR THE GREAT LAKES 
1.82 above still-water level. Then, make 0.72 1600 per ft, 


located midway between the wave trough and the maximum pressure 
ordinate. These data determine the complete wave-pressure curve shown 
Fig. which curve requires only slight modification for the portion wave 
that not obstructed the superstructure. 
The total effective wave pressure thus found 424 per lin 
crib and acts 31.3 above the bottom. The weight the crib, allowing 
buoyancy, calculated 95150 per lin ft, which combined with 
gives the resultant, acting the base and producing maximum unit 
ing 
9.8 
was taken the water top the superstructure. 
The safety factor against overturning then, 2.08, and 
27414 31.3 
that the wave force, was combined directly with the weight, 
testing the safety the structure. This would correct testing the 
stability the crib, provided the entire wave impact imparted simultane- 


all parts the structure. 


bac] 
_ Feb. 1907 * Mar. 1931 Feb. 1912 Nov. 1929 "4 Apr. 1925 Oct. - Sept. 1921 
7 N N N 
Mar. 1929 90 Mar 1924 Nov. July 1897 
4 
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However, since the superstructure does not attain its full height the 
face the crib, but slopes gradually for distance ft, and then presents 
another surface resist the upper portion the wave, must apparent 
that the full wave force not expended simultaneously, nor with the pressure 
assumed the analysis. The wave could not built its full height 
until after had advanced the last obstruction sec after striking the 
first. other words, the total wave energy transferred the crib during 
greater period time than was assumed designing the wave-pressure 
curve, and, hence, the shock reality less severe than the calculation shows. 

This example illustrates how the wave pressure may rendered less 
severe simply adopting superstructure design that does not obstruct the 
wave its entirety vertical surface, allowing the wave build 
gradually. However, this may develop some difficulties the design the 
concrete superstructure, and doubt will cause larger proportion 
the wave jump over the wall. The back-wash may also retarded such 
extent meet the next oncoming wave unfavorable time. The 
wave force striking the high center wall will subject the latter moment 
about 600 ft-lb, which might cause the mass concrete deck break unless 
steel reinforcement used. 


+17.3 ft 
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Fic. 6.—STABILITY INVESTIGATION, BREAKWATER, HARBOR MICH. 


Bottom 


Considering the ample safety the crib itself, would appear that the 
high mass concrete wall might better have been placed over the lake front, thus 
the resistance overturning, and affording greater security for 
the concrete face blocks, besides adding materially the strength the deck 
where receives the worst punishment. 


Mean Lake Level 
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designing breakwater superstructure, much depends the purpose 
serve. may necessary obstruct oncoming waves completely, 
especially ships are intended moor the harbor side. other cases, 
may not matter how much water thrown over the wall long the wave 
force rendered harmless. The superstructure the Harbor Beach Break- 
water, intended protect ships while tied the harbor side, might have 
more completely the oncoming waves, the same time add resisting 
moment the crib and increased strength the deck. The use some 
reinforcement connection with these superstructure designs very desirable. 

also necessary provide “breathing” openings through the concrete 
deck allow relief for the air pressure formed the body the crib. Wave 


Elev. 250.62 


Elev. 248.5 ft 


Rock Filled Crib 


Still Water Level - Elev. 245.0 ft 


G = 6180 Ib per ft 


Elev. 234.0 


pressure will also set hydrostatic pressure the inside the cribs, thus 


exerting bursting effect every part the structure, all which must not 
overlooked. 


Problem 2.—Stability Investigation Magann’s pier (see Fig. 
located between Jameson Street and Dowling Avenue, Toronto, 


PIER, TORONTO, ONT., CANADA 
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tions exist for southeast wind with fetch, miles, making angle, 
68°, with the lake face the pier. wind velocity miles per 
was taken possible maximum. 

This problem involves all the complications inshore sea-wall, and 
differs from the previous case that the deep-water wave will encounter 
shallow water before striking the pier, besides approaching the pier obliquely 
instead normally. Also, the pier not high enough stop completely the 
oncoming wave. Hence, the deep-water wave suffers reduction height, 
only partly obstructed, and the final reduced pressure acts only the amount 
its normal component. The stability investigation for the fetch and wind 
velocity previously noted, may proceed follows: For miles, 
miles per hr, the deep-water wave, Equation (1), will have height, 
The depth which deep-water wave may continue without appreciable 


effect its height and length may taken ft. Then, Equa- 


2 2 
106 106 


from which, 2.26 ca/L 22.8 sec-ft. With these wave dimensions and 
velocity, deep-water condition, the reduction size and velocity due 
shallow water may found. 

According Equation (5) the deep-water wave will break when the depth 
reduced 1.84 12.7 ft, and just before striking the pier, the 
depth further reduced 9.0 ft, causing the initial velocity, 


retarded value, according Equation (9). Thus, 0.9 


16.53 sec-ft, and the wave thus retarded reduced ‘to height, 


this reduced wave above still-water level, Equation (3), will be, 


2 


2 
Equation (8), find 0.261, for which Table gives 


68.7 
68.7 


The maximum unit wave pressure then becomes (by Equation (15), with 


el 
a 
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water level. This pressure resolved normally the pier Equation (19), 
becomes 546 0.846 462 per ft. From the foregoing data the 
final reduced pressure curve, shown Fig. was obtained, giving the total 
wave pressure, 1580 per lin pier. The weight the crib, allow- 
ing for buoyancy, 6180 per ft, which, combined with gives the 
resultant, acting the basal plane, The maximum unit pressure 


the heel the crib is, 2950 per ft. Similar 
Example the factor safety against overturning is, 1.57; 
1580 


and, against sliding (assuming coefficient friction 0.5), is, 


REMARKS 


closing this subject the writer wishes emphasize that stability investi- 
gations this character, designs based similar calculations, must 
regarded more less speculative; yet the methods herein presented for 
the first time, were developed after much thought and study, and are con- 
sidered accurate the subject warrants. 

This method analysis was applied existing breakwater structures 
Presque Isle, Ontonagon, Grand Marais, Agate Bay, Portage Lake, and 
Marquette, all Lake Superior. The breakwater Buffalo, Y., compris- 
ing several designs with varied exposures, was also analyzed. each case, 
the results the analysis agreed closely with the behavior exhibited these 
structures during many years service. 

The western breakwater Toronto, built 1915 and 1916, according 
designs that were severely criticized the time being structurally inade- 
quate, showed factor safety about against both overturning and 
sliding, according analysis made 1915 the writer. This break- 
water, covering length about miles, has weathered all storms for the 
eighteen years since its construction without manifesting the slightest signs 
weakness, again demonstrating the reliability results obtainable with the 
method herein described. 
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DISCUSSIONS 


HIGH DAMS PERVIOUS GLACIAL DRIFT 


Discussion 


that the author belittling, unintentionally, the importance good rock 
foundations for earth dams. The fact that 100 head against embank- 
ment 120 high foundation pervious glacial drift considered 
accomplishment, should way classify the Hardy Dam high earth 
dam, For really high earth dams still necessary follow the Biblical 
injunction and the caution taught past and present experience. 

The problem question permanency and the permissible quantity 
seepage both from viewpoints its economic value and its effect the safety 
the structure. With his wide experience with this kind foundation and 
embankment, the author has evidently solved the problem the satisfaction 
his requirements. This solution, however, should not considered 
general application, but should restricted the same type foundation, 
similar embankment material, the same height dam, the same head 
water, and the same economic conditions; and the same care should exer- 
cised construction. 

has been shown that, approximately, seepage varies: Directly the 
square the effective size; directly the sixth power the percentage 
voids the core material; directly the square the head; and, inversely, 
the path percolation. Hardy Dam the loss water seepage may 
not have any economic value, but the same quantity may become big factor 
elsewhere, and with higher head, for other reasons, the increase seep- 
age may prove fatal the structure. 

Any difference settlement, whether the foundation the 
embankment, involving the relative superimposed load, due the difference 
the percentage voids the respective materials, and also the differ- 


paper Edward Burd, Am. Soc. E., was published April, 
1938, Proceedings. Discussion this paper has appeared Proceedings follows: 
May, 1933, Messrs. Charles Sherman, and Marsh; September, 1933, 
O’Shaughnessy and October, 1933, Messrs. Joel Justin, and 
Pollock; and November, 1933, Messrs. William Creager, Adolph Ackerman, 
Albert Holmes, and Irving Crosby. 


Chg., Cobble Mountain Reservoir, Springfield Water-Works, Blandford, 
ass. 


Received the Secretary December 26, 1933. 
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ence their moisture content. Under given load there limiting 
consolidation minimum percentage voids any given material. 
This consolidation takes place very rapidly the beginning the application 
the load; then very slowly. The time necessary for ultimate consolidation 
will depend the quantity water squeezed out during the re-arrange- 
ment the material particles from initial final percentage voids, 
during their adjustment final structural equilibrium under the maximum 
load. This also depends the path percolation, head water, and particle 
sizes. 

would desirable the author itemized the 30-cent cost per 
with maximum and general average yardage per working day, analyzing 
the cost per yard terms of: (a) Excavation; (b) conveyance the dam 
site; and (c) placing the dam. 

would interesting know how the author determined the position 
the fineness gradation lines Fig. For instance, the 1.00-mm line which 
shows that almost 100% the sluiced material larger than 1.00 
the bottom the embankment, and, the bottom the top trestle, shows 
that almost 100% the sluiced material smaller than 1.00 The inter- 
section the 1-mm line with the slopes the sluiced material various 
elevations not consistent, and yet sluiced beaches dam the grada- 
tion particle sizes almost uniform, varying from the largest the top 
the slope the smallest near the pool. the fineness gradation lines 
Fig. are based Hardy Dam, similar, materials, Fig. (curves for 
Hardy Dam) fails show such range variation the particle sizes 
the borrow-pit deposits that would satisfy the conditions Fig. 


Mr. Sherman, criticizes the writer’s generalization concerning slope 
from head-water tail-water,” being inconclusive without more exactly 
defined conditions. Perhaps that generalization inconclusive not 
read with the presumed limitations explained the text immediately preced- 
ing that reference. Evidently, Mr. Sherman desires, common with every 
one, more exact determination each problem percolation, which then 
could solved much more precisely known laws. was brought out 
the paper, however, glacial deposits are too heterogeneous permit such 
treatment, least within economic limitations. Consequently, rule-of-thumb, 
but safe, generalizations for the existing materials were suggested, and 
hoped will understood with the stated reservations. 

The four examples hydraulic gradient cited Mr. Sherman are excellent 
examples the range earth dams general, supplemented perhaps the 
India, representing the extreme flatness. The second example cited 
representative materials and conditions usually encountered the heavily 
glaciated area, economically applied the problem. 


and Hydr. Engr., Consumers Power Co., Jackson, Mich. 
Received the Secretary April 1934. 
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The writer approves and acclaims whole-heartedly the remarks Mr. Marsh, 
evidence common-sense understanding the practical, well the 
theoretical, problem. The possibilities steel sheet-piling are far from under- 
stood; the subject far from being exhausted. this connection the recent 
standardization, eliminating many the best and useful sections, somewhat 
disheartening those forced deal with deep sand and gravel driving. 

Answering Mr. O’Shaughnessy’s suggestion more details design and 
concrete core-walls, addition the data Paragraph 
under “Design and Settlement Embankments,” the usual thickness might 
well given. The top frequently made in. thick, increasing 
thickness about in. for each successive 20-ft depth. Thickness, however, 
seems secondary importance. During construction difference water 
head either side any observed wall shows that leakage occurs joints, 
form ties, occasional stone pockets, The generally observed decrease 
percolation with lapse time may well due silting and plugging such 
minor, but numerous, points leakage. 

pointed out Mr. O’Shaughnessy, permissible limits leakage vary 
widely with geological structure and economy. glacial drift surely would 
economically impractical and probably physically impossible limit leak- 
age rates cited for the Hetch Hetchy Dam. Based past experience, each 
new project considered its economic merits, rather than basis 
safety. Safety major consideration, course, but safety limitations 
glacial structure usually far exceed the economic balance. stated the 
paper, one dam similar Hardy Dam, but without core-wall, safely con- 
tains initial leakage approaching per sec. The glacial problem 
essentially economic. 

hydraulic pumping embankment materials, here, again, generaliza- 
tions are unwise. far can determined, floating equipment has 
ever been known build embankment the glacial region under dis- 
cussion. The largest operators such equipment had every opportunity 
bid the Hardy Dam embankment, but could not compete cost basis 
with mechanical transportation. 

difficult understand how Mr. O’Shaughnessy can “confute” the 
actual measured settlement the Hardy Dam embankment, what may have 
happened the Priest Dam, probably under wholly different conditions. 
forgets—and the error quite common—that the writer discussing solely 
glacial-drift materials and conditions; and perhaps the major difference be- 
tween washed glacial-drift embankments and the more usual earth dams lies 
the considerably smaller settlement the former, and its relatively quick 
cessation soon the pond filled. compared with this condition, the 
usual earth dams equal height settle least three times much, extend- 
ing over term years. The latter condition probably applies the Priest 


Dam. 


Mr. Parsons brings the very active question steam-hydro-electric 
regards firm and peak power. system roughly “half and 
which Hardy Dam part, much better put steam the 
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base, and build the “hydros” daily peak plants; that is, per day, 
days per week. While generalizations are proverbially dangerous, would 
seem that “hydro,” general, being used more and more peak basis, 
except during high water when would wasted not used continuously. 

The old valley notch which Mr. Parsons describes under Spier Falls 
Dam, most interesting, the condition being common one glacial valleys, 


and the necessary treatment being usually matter judgment. 


gan, such material has necessity been left place and used foundation; 
apparently, long covered and loaded, maintains its structural 
integrity. 

for “quicksand,” the writer would never take issue with Mr. Parsons’ 
long experience these matters, and recognizes the many variations and 
gradations such materials “quick behavior.” From personal experience, 
the writer can corroborate Mr. Parsons’ complete success settling boiling 
“quicksand” adding layer crushed stone, actually purchased for con- 
crete aggregate. layer only foot thick will completely transform boil- 
ing-spring bed into which man would quickly disappear, into reasonably 
stable foundation which will immediately support loads the order ton 
per ft. 

Mr. Parsons’ cautions about dependability and tightness concrete face 
paving are well taken. However, they apply practically unchanged central 
core-wall construction also. either case, good engineering and good con- 
struction are essential. The writer here suggests that face paving concrete 
might well water-proofed some flexible, jointed metal, mopped fabric, 
similar membrane treatment; what would equally effective, mud directly 
the face the more pervious earth fill. 

The writer appreciates sincerely the discussion contributed Mr. Justin. 
this paper, has been the writer’s intention merely discuss greater 
detail one particular condition and variation earth dam construction, 
very ably covered textbooks and other publications Mr. Justin, whose 
comments upon the economics the situation regards steam versus hydro- 
power surely are instructive and pertinent and, states, contrary 
considerable general belief and some prejudice. There seems have been 
noticeable improvement the general operating attitude this subject 
within the last few years. 

common with several others, Mr. Justin has corrected too 
general statement the paper concerning relation fineness embank- 
ment material and slope the line saturation. For fine materials beyond 
the range sands encountered the glacial area, common practice, 
course, build more nearly impervious embankments much steeper satura- 
tion slope. Perhaps the writer should have been more specific limiting 
his statements the relatively porous and quick-draining sands economically 
obtainable from glacial deposits, and with other conditions normally en- 
countered the region under discussion. 

regards impervious up-stream layer membrane compared with the 
more conventional core-wall, Mr. Justin’s comments are quite apt and are 
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made with clear understanding the practical difficulties involved with 
each form construction. Years experience with the core-wall both 
design and construction, are leading the writer more and more favor the 
up-stream form water cut-off. While true that there have been some 
failures with the earlier forms this design, likewise fact that there 
have been failures with central core-walls and all other types construction 
which, course, must designed the basis experience well theory. 
Engineers the Reclamation Service apparently have solved success- 
fully the problem up-stream cut-off and have corrected the earlier difficul- 
ties, which were relatively minor, major failures were ever chargeable 
these difficulties. far concerns the usual fear subsequent settlement 
embankment materials, was one the writer’s major considerations 
preparing this paper show that after several years close observations 
many level points was proved beyond any refutation that properly placed 
and water-laid glacial sand embankment materials were notably free from such 
continuing settlement, directly contrasted with the usual form earth 
embankment which up-stream concrete blanket would obviously 
unsafe and impractical form construction. 

the other hand, concrete slab not necessarily the best solution and 
for many conditions the writer wholly agrees with Mr. Justin that up-stream 
blanket fine material probably even better, and usually would less 
expensive. general, not the form the up-stream cut-off that 
much importance the contention that should placed the up-stream 
face rather than through the center the embankment, all other conditions 
being equal. for rapid drawdowns ponds the size contemplated 
present-day projects, there would seem but little occasion for any rapidity 
the degree necessary cause unbalanced upward hydrostatic pressure 
any up-stream slab construction, ordinary operation normally draws 
ponds very little, and slowly. Any disastrous failure, course, might draw 
pond rapidly, but that case its effect would minor consideration 
compared with the event itself. The writer only hopes that the paper and its 
discussion may awaken more active interest this pertinent design problem 
affecting earth embankments. 

Correctly, Mr. Pollock points out that the more conservative percolation 
factors advocated Bligh (who, perhaps, deserves credit for first developing 
this idea thoroughly), have proved more conservative than necessary, 
under the particular circumstances the paper question. However, this 
should not detract from the excellence Bligh’s pioneering moreover, 
the writer’s generalization probably limited the peculiarities the glacial 
area. The writer far from satisfied with the state knowledge this 
matter, general, and has offered his paper the hope developing more 
information and keener interest. would seem the importance 
progress earth embankment construction, both regards safety and 
economy, would justify more intensive study and experimentation with the 
more porous materials than has been made date. The relatively impervious 
clay core type embankment has been developed and proved quite thoroughly 
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under the leadership such experts Crane, Am. Soc. E., for 
example; but similar development the more porous materials and perhaps 
with even greater economic advantage still awaits the time, effort, and finan- 
cial resources adequate study. For this reason, the writer would hesitate 
put forth any generalization general application percolation factors 
developed for this rather limited condition under discussion, which 
means covers the entire general field. 

Mr. Pollock raises the question bulking sand when moderately moist; 
that is, condition intermediate moisture content between the wet condi- 
tion first placed and the dry condition such prevails later. there 
any evidence this peculiarity, has escaped notice the many construc- 


tion jobs involving sand embankments the kind described the paper. In. 


the ordinary construction process—that is, with water being fed the top 
layers close intervals order wash them place—the material the 
embankment probably never dries out the extent reaching the bulking 
point. After the embankment has been completed, however, time must come 
when that portion above the saturation line would pass through the bulking 
range moisture content. any such bulking action takes place Hardy 
Dam, has escaped notice such. Check levels are still taken (1934) about 
twice year along the full length the crest wall (which the upper part 
the core-wall construction) but date there has been further change, 
either down, since the initial settlement described the paper. 
sibly the weight the structure would prevent any volume increase, except 
close the surface where would pass unnoticed. 

washing the embankment material into place, has been observed 
many times that the wash water strikes down through the pervious sand very 
rapidly. Frequently, large monitor stream will lose itself few hundred 
feet, much streams the Western Plains area will drop out sight 
the more pervious reaches their stream beds. Even while the washing 
stream carrying sand, the material immediately beneath hard that 
the workmen walk all over all times, and within few minutes after 
area sand has been washed place, and the water has disappeared from the 
surface, the settlement complete that automobile can driven without 
over the new fill. Obviously, this method placement secures 
minimum volume and maximum compactness for the fill material and few 
measurements made times past have indicated that the volume for given 
mass appreciably less than that occurring the glacially washed and placed 
borrow-pits from, which the material taken the natural state. Whether 
not this condition has any bearing upon the bulking situation unknown 
the writer, but least indication volume increase has ever been indi- 
cated the many levels run over the reference points all times during 
and subsequent construction. 

Mr. Pollock questions the interpretation the settlement observations, and 
apparently the writer has not made the details sufficiently clear. The core- 
wall footing centered over the steel sheet-pile cut-off, but provided with 
slip joint that can settle down over the top the sheet-piling without 
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the latter offering any appreciable supporting resistance. This arrangement 
considered necessary precaution against the core-wall “hanging up” 
the piling and possibly leaving unfilled spaces beneath the footing which might 
form dangerous water passages. Consequently, the full weight the core- 
wall carried directly the natural and undisturbed earth formation 
which was built, and the core-wall settlement record, which includes the 
crest wall record also, represents essentially the subsidence the undisturbed 
glacial formation the valley floor. There might minor but negligible 
compression shortening the core-wall height. 

Referring Fig. the settlement record noted “Total Settlement 
Crest Wall” represents the results levels taken number points 
directly the top the main vertical core-wall about December 1930, 
which time the bulk the embankment was all place. Then, the 
pond was filled and the crest wall was constructed, indicated, February, 
1931, was necessary transfer the reference points the top the main 
vertical section the core-wall other reference points the top the 
crest wall construction, which obviously would settle with the embankment 
upon which was placed. This curve then, beyond December includes 
some embankment consolidation, noted and estimated about one-half; 
but the in. total settlement December 1930, must represent, all 
practical purposes, only the subsidence the valley floor. The penstock set- 
tlement curve the same figure represents reference points the top 
the base slab the penstock; hence, except for negligible consolidation the 
concrete this base slab, must represent also the general subsidence 
the valley floor, which under the penstock was in. December 1930. 
The penstock section was constructed fairly thick layer mudstone 
which presumably spread out and decreased the intensity loading, with con- 
sequent slight lessening settlement over that represented the more highly 
concentrated loading directly under the footing the core-wall. least, 
this would seem the probable explanation this slight difference. 

The loading intensity the bottom plane the base slabs both the pen- 
stock and the core-wall was computed practically the same. The 
curve power-house settlement also represents valley floor subsidence except 
for negligible consolidation the heavy reinforced concrete construction. 
The fourth curve, however, noted “Embankment Consolidation Deep 
Section,” represents essentially only the consolidation the embankment sec- 
tion itself, after was carried full height. embankment fill, course, 
consolidated during its entire construction, but there was practical way 
measuring this consolidation during the building process, nor any practical 
consideration that would make desirable. Only the consolidation after com- 
pletion full height, shown the curve, would have bearing the 
safety and wisdom placing construction directly the surface the com- 
pleted fill, which was one the main questions raised this paper. 

The writer appreciates Mr. Creager’s willingness compare Soft Maple 
Dam and Hardy Dam because the similarity natural conditions, with 
difference methods construction. Presumably, both methods have their 
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good points, but the combination and comparison offers much interesting 
and valuable information. The writer visited Soft Maple Dam several times 
order study the formation which was built and agrees with Mr. 
Creager that most the very considerable seepage Soft Maple Dam 
presumably passing around and under the dam through the peculiarly porous 
glacial drifts, rather than through the dam structure itself. The writer 
further agrees that the effectiveness the Hardy type core-wall the Soft 
Maple Dam would questionable; and probably the cost would scarcely 
justified the decrease total seepage. would seem apparent from the 
paper that under such conditions up-stream type cut-off would have 
advantages over the vertical core-wall and the writer agrees that up-stream 
blanket fine material would more effective Soft Maple Dam than 
core-wall. rather inclined agree also with this up-stream treatment 
for the usual glacial formation; but yet conclusive large-scale demonstra- 
tion this method has been undertaken, although has been used effectively 
small scale Hardy Dam, and earlier construction Michigan. 
the Soft Maple Dam site Mr. Creager was faced with difficult situation 
which apparently was well handled and nothing his discussion the paper 
was intended any criticism whatever. 

Mr. Ackerman’s comments are valuable and practical. his classifica- 
tion chart (Fig. and definition were used consistently, undoubtedly would 
improvement the nomenclature and understanding earth embank- 
ments. points out, much confusion has arisen through lack specific 
designation when discussing the subject. 

for the ice-thrust considerations upon the design the intake tower 
Hardy Dam, the writer might add that the latitude Northern Michi- 
gan, ice thrust can and does become major factor. The intake tower 
Hardy Dam was designed resist that thrust, which might encountered 
and which, this case, would absorbed some extent the fill around 
the lower portion the tower, while the bridge the top the tower was 
designed carry its portion the thrust back the embankment proper. 
for the side thrust, the shape the tower such well braced 
against side action. 

Mr. Holmes’ description ground-sluicing methods the Northern 
Pacific Railway Company parallels economy and effectiveness similar sluic- 
ing the construction the earlier dams Mighican under the direction 
Mr. William Fargo. The first sites developed were selected, consider- 
able extent, with view direct sluicing from the adjacent high hills and much 
this yardage was placed costs then prevailing the order cents per 
yd. Unfortunately, later developments, the engineers have not been able 
avail themselves topography that would make such sluicing possible, with 
the result that has been necessary move the fill other and more expen- 
sive methods. Where direct sluicing possible, however, believed that 
other method has ever approached economy and general suitability. 

Regarding settlement, Mr. Holmes offers most interesting data relative 
the more recently built Fifteen-Mile Falls Dam the Connecticut River. 
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regrettable that similar comprehensive methods making subsequent 
settlement measurements available the profession have more 
widely adopted dam construction. will number years, course, 
before the final settlement facts this relatively new dam will available 
for use. The final statement Mr. Holmes that the total settlement well 
rolled embankment not great, would seem somewhat indefinite and 
perhaps difficult prove. Fortunately, has elsewhere contributed” perhaps 
the best available record settlement typical sluiced-center, so-called semi- 
hydraulic types embankment, being the records for Somerset and Davis 
Bridge Dams New England. The writer begs repeat the generalities 
these data this point order show how the settlement records compare 
with the experience the sluiced sand dam Hardy where the 115-ft maxi- 
mum section embankment material consolidated only in. after being 
topped out and has shown further consolidation whatever for about three 
years since the pond was filled. compared with this, the the 
Somerset Dam for maximum height 105 shows” settlement almost 
the first after construction and even that time continuing 
the rate approximately in. per yr; although this rate evidently ap- 
proaching point equilibrium age perhaps yr. 

The same record shows that the Davis Bridge embankment the end the 
first had settled about 0.6 the section approximately 200 deep 
and the similarity the curves would seem indicate about the same 
expectancy. Thus, there appears fundamental difference between the 
long-continued characteristic settlement the more impervious earth-type 
construction compared with the immediate and complete settlement 
much less total magnitude for the water-laid sand dam. This difference 
general observation, although not exactly measured other dams; 
least the data have never been made available. However, Mr. O’Shaughnessy 
calls attention settlement the up-stream fill Priest Dam, 
California, earth structure 145 high, and 6-ft settlement the down- 
stream fill the same structure. Noticeable and evident settlement this 
magnitude has been observed the writer another semi-hydraulic sluiced 
core dam compressible materials height about 170 ft, which was 
completed several years ago. 

The writer acknowledges the correction suggested Mr. Holmes con- 
nection with the lowest curve Fig. which, further thought, should 
have followed the dots undoubtedly representing what actually took place 
rather than indicated the smooth rounding off the curve which Mr. 
Holmes quite properly takes exception. 

always helpful the Engineering Profession have the advantage 
comments from geologists, who have further removed perspective some 
the problems treated this paper, and who, course, have the advantage 
better understanding the formation the site and adjacent region. 
geological assistance has been great value studying these 
problems the complicated glacial formation, and would seem 
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thorough geological study should and must precede any safe and well-organized 
program dam construction. For this reason and because the general 
information added the paper, the comments Mr. Crosby are thoroughly 
appreciated. 

Several the questions raised Mr. Hatch have been answered else- 
where this closing discussion. The writer disagrees with his first two para- 
graphs far they apply high dams pervious glacial drift; and his 
fourth paragraph evidently represents his judgment the action the type 
material encountered Cobble Mountain Dam near Springfield, Mass. 
This action not all characteristic water-laid sand. 

Mr. Hatch requests “break-up” the 30-cent cost per yd. 
difficult sub-divide the actual costs earth handling into separate items 
from the daily time sheets, and practically impossible secure finer classifi- 
cation costs than those given the paper. The over-all earth-placing cost 
accurate, however, and finely sub-classified need for the purpose 
the paper. 

for the last paragraph Mr. Hatch’s discussion, the writer agrees that 
“hair-splitting” exactness would require slight shift the 100-mm line; but 
the basic idea demonstrated Fig. not affected any way thereby. 
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that the coefficient flow siphon defined the “ratio actual flow 
through the siphon theoretical flow through its outlet area,” has not been 
challenged. should accepted, therefore, the profession. 

The writer suggested further that the discharging efficiency siphon 
defined the “ratio the actual its theoretically maximum flow,” and 
that the theoretically “maximum flow obtains when one atmosphere entirely 
used producing velocity through the summit section” (neglecting up-stream 
losses). 

This expressed Equation (14) and may easily remembered the 
ratio the velocity through the summit section the velocity corresponding 
one atmosphere. Mr. Nelidov offered substitute which, the writer 
understands correctly, states that the efficiency equal the coefficient 
flow for the summit section. the writer pointed out, this illogical be- 
cause, the summit section constricted, efficiency excess unity 
possible. The writer’s proposed definition should accepted. 

Mr. Nelidov’s criticism terms deserves mention. “Throat” not synony- 
mous with “summit.” The summit (highest) section the siphon meant; 
not the smallest section. The term, “siphon head,” was used mean the differ- 
ence water-surface elevations head and tail-water. not always 
equivalent “operating head” which frequently refers forebay level only. 
defined Professor Etcheverry’ the “operating head” measured the 
center the outlet, while “siphon head,” used the writer, measured 
the water surface the outlet. “Crest” might have been used instead 


“invert,” but distinction was necessary between the upper and lower bound- 


aries the summit section, and “crown” and “invert” are common terms for 
these boundaries. 


paper Stevens, Am. Soc. E., was published August, 
1933, Proceedings. Discussion this paper has appeared Proceedings, follows: 
December, 1933, Nelidov, Am. Soc. E.; and March, 1934, Herbert 
Wheaton, Assoc. Am. Soc. 

Hydr. Engr. (Stevens Koon), Portland, Ore. 
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writer tried interest laboratory experimenters determining losses 
laying the model siphon barrel horizontally with its inlet and outlet con- 
nected head and tail-water tank, respectively. The first test models 
existing siphons such manner will learn something about siphon losses. 
Heretofore, these losses have been considered simply those inlet, bend, and 
friction, but the tests cited show that cavitation and, therefore, impact losses 
must also taken into consideration. Such impact losses are not subject 
analysis the ordinary model studies, because the velocities produce them 
can not secured. That what the writer meant the statement quoted 
Mr. Wheaton. 

placing the model siphon horizontally, however, between pair tanks 
where range velocities from those the model those the prototype 
can secured, cavitation and impact losses can isolated from those 
bends, ete. Professor, has been doing some interesting work 
cavitation the laboratory the Massachusetts Institute Technology. 

Mr. Wheaton attributes the low discharge coefficient, 0.63, Siphon No. 
entrained air, and attempts show that from his model tests the coefficient 
should 0.71 more the siphon runs full. designed, the siphon can 
never run full. Moreover, there are losses from cavitation and impact, which 
the writer believes are the real reasons for the differences the coefficients 
between the model and the prototype. the case Siphons Nos. and 
entrained air conceded have affected the results, giving discharge co- 
efficients about 0.48, entirely too low; but cavitation also existed. 

Mr. Wheaton’s models, air was compressed their summits the fore- 
bay level, increased; which prevented them from priming except heads much 
greater than those corresponding the prototype. suggests that the 
priming hood the prototype leaked enough prevent air from being com- 
pressed its summit, but not enough delay priming. This reasoning does 
not accord with the facts later ascertained. 

the writer’s suggestion the chief operator the Leaburg Plant made 
some experiments determine the behavior the siphons regards priming 
with the hoods built with some leakage and also when sealed against 
air leakage. The lower edges the priming hoods were not their lowest 
position, was the case when the tests given the writer were made; hence, 
the heads necessary prime are greater than the writer’s tests, but the rela- 
tive values for sealed and unsealed hoods are very illuminating. The prin- 
ing gate Siphon No. was 0.11 and that Siphon No. was 0.19 
above the invert crest the summit section. 

For the sealed condition, the priming gate (see “Behavior Operation” 
and Fig. was held tightly against its lower guide iron wedges, and seal- 
ing was effected with heavy gear grease. Following are shown the heads 
(difference, feet, between siphon crest and forebay water level) prime: 


built 

unsealed Sealed 


Current Repts. Nos. 1-3 and II-1, Bureau Standards 
(Ref. No. VI-6 


H-655-C). 
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these priming heads are corrected for the distances the priming 
gates above the siphon crest (since that depth water flowed over the crest 
before the air was shut off) the actual priming heads are found be, feet: 

Unsealed Sealed 
0.20 


Each the foregoing tests represents average three trials. They show 
that the sealed siphon primed, roughly, one-half the head the unsealed 
siphon, showing that the air was expelled much faster than could com- 
pressed the rising forebay. The leakage around the priming gate increases 
the time and head priming instead reducing it, the models seemed 
indicate. this regard, the model failed completely predict the actual be- 
havior the siphon, and points another limitation that should recognized 
model work. 

Interesting data were obtained during these tests. order prevent 
Siphon No. from priming while Siphon No. was under test, was necessary 
insert air pipes under the hood No. having aggregate area 12.5 
in., 2.5% the area the smallest section the siphon barrel. 

Mr. Nelidov mentions ice. 1932 sharp, cold period brought down some 
frazil ice and also formed surface ice the air inlet the siphons, enough 
choke them. The barrels were not affected, but the primers were choked 
that the siphonic action would not cease until the water had been drawn below 
the upper edge the inlets (see Fig. 3), 5.25 below normal operating 
level. order avoid repetition this trouble, holes have been drilled 
through the concrete the crowns the summit sections and 6-in. iron pipe 
nipples have been cemented into them. These nipples are closed screw 
cap which can removed let air break the siphonic action whenever 
the priming hoods become choked with ice. 

The writer wishes commend Mr. Wheaton very highly for the excellent 
work has done and the interest has taken these siphons. They point 
the way the necessity for more intensive work this regard. 
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Ese. (by the heading, “Shearing 
Strength,” the author discusses the influence the stress normal the shear- 
ing plane upon the shearing resistance, and cites tests show that the 
shearing resistance the material increased compression 
the shearing plane. Punching shear tests made Talbot, Past-Presi- 
dent and Hon. Am. E., and shear tests Woodard, Am. 
E., are quoted. 

seems apparent that the purpose the punching shear tests, and the 
tests specimens Type (b), Fig. where the mortar zones were disposed 
vertically the specimen, was permit direct evaluation the shearing 
strength when the stress normal the shearing plane zero. 
The conditions necessary for the maintenance equilibrium require that 
when body subjected stress one direction certain intensities shear 
and normal stress must exist all other directions, and since known 
that pure shear stress accompanied compressive and tensile stresses 
equal intensity planes disposed angle 45° with respect the 
planes maximum shear, becomes pertinent inquire whether the weak- 
ness concrete tension would not render such direct determination 
impossible. 

For two-dimensional case the question may attacked follows: The 
stress condition such solid may specified completely terms the two 
principal stresses and the inclination the principal axes arbitrary 
plane reference. the material the body isotropic and the question 


paper Henny, Am. Soc. E., was published September. 
1933, Proceedings. Discussion this paper has appeared Proceedinys, follows. 
November, 1933, Parsons, Am. Soc. E.; December, 1933, Messrs. 

Eremin and Calvin January, 1934, Messrs. William Creager, 
Thaddeus Merriman, Ivan Karpov, Harza, and Edward Godfrey: 
March, 1934, Messrs. Knapp, and Woodard; and April, 1934, Messrs. 
Floris and Joseph Jacobs. 
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one which concerns the causes failure, only the magnitudes the prin- 
cipal stresses are significant. will found that there plane 
having zero normal stress, would necessary for one the principal 
stresses compressive and the other tensile. Under these conditions, 
can shown that, the law failure sliding stated Equation (3), 
the plane least resistance independent the magnitudes the principal 
stresses and identical with that shown Fig. order obtain shear 
failure with stress normal the plane shear would necessary 
make the plane zero normal stress coincide with the plane least re- 
sistance. can shown readily that experiment made this manner 
would probably terminated tension failure before the shearing stresses 
could raised high enough cause shear failure. 

Consider the 1:3:6 concrete described the author immediately after 
Table with 0.70 and 62° 30’. order develop shearing 
stress 783 per in. the plane least resistance, with stress 
normal the plane shear, would require principal stresses 1500 per 
in. compression, and 407 per in. tension, respectively. Since the 
tensile strength such concrete would probably about 300 per in., 
follows that direct determination with such concrete may impossible. 

The author records evidence normal stress the punching shear tests 
and notes that the results the tests the specimens with the mortar zones 
“do not agree with the theory Coulomb.” The writer does not believe that 
the assumption uniform shear distribution the case the punching 
shear tests the tests the specimens shown Fig. (b), warranted, 
and until the possibility determining the value Equation (3) 
such tests, demonstrated, will hold the conclusion that they are inade- 
quate for this purpose. may remarked, however, that long the 
designers gravity dams adhere the policy eliminating tensile stresses 
from their structures, their purposes will served the laws failure 
within the region where all the stresses are compressive, are determined. 
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paper has been gratifying and has brought out some divergent ideas which are 
value clarifying this somewhat illusive subject. Perhaps the 
ideas the place analyses this type highway planning was not 
entirely clear. when the engineer has before him several alternate 
plans and wishes determine which best from the economic standpoint 
(purely money comparison), that must undertake some such analysis 
discussed. Frequently the somewhat alluring proposal wholly without 
justification upon any utilitarian basis. may justifiable some other 
grounds but such not usually the case with the ordinary run projects 
highway department. 
The lack vital basic data for economic analyses was pointed out 
several those who discussed the paper, and regretted that 
little research under way this field. Better information than that now 
available with reference highway and vehicle costs, the useful life road- 
way surfaces, and related subjects, should forthcoming. better classifi- 
cation highways for the purposes economic studies would also 
great benefit. 
With reference the use interest and annuities building annual 
costs for economic comparisons, believed that these factors are neg- 
lected wholly misleading results will obtained. course, not pre- 
tended that interest paid that sinking funds are accumulated, but inter- 
mittent expenditures varying sums cannot placed comparative basis 
without taking account the time value money. principle there 
Folk; December, Downs and George January, 1934, 


Div. Eng., Iowa State Coll., Ames, Iowa. 
Received the Secretary April 1934. 
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difference between public project and private enterprise this respect, 
least there should difference the treatment costs one wishes 
true picture the relative merits several possible solutions highway 
problem. one were planning financial program for political unit, 
the problem would wholly different. 

correspondence with Professor McNew developed that 
error, the part the original paper ‘under the heading, “Grade 
obviously meaningless. was condensed from much longer 
paper prepared for another purpose and part the paper crept into 
the revision. the finished paper, this part will read, follows: 

exact determination the economic value reducing highway grades 
impossible because the heterogeneous character the great 
variation between individual vehicles their performance gradients and 


the lack exact information with reference that performance. However, 
there information available aid the engineer forming correct 
judgment with reference the expenditure that may justifiable for 
grade reduction project, and such additional data may required 
can secured few simple field observations small cost. 
known that little saving automobile operating costs effected reducing 


those grades that are less than 500 long, that safety descending 
traffic major consideration when grades are more than 1000 long. 
reducing the long grades safe rate there usually definite saving 
operating costs, which can estimated with some degree assurance, after 
certain field data are hand. 
Minor changes grade may accomplished cutting and filling without 
relocation, but major grade reductions, especially long hills, are usually 
accomplished combination relocation and cutting and filling. The 
changes grade that may accomplished cutting and filling without 
relocation may may not have economic value, many cases they have none. 
There are three reasons why excessive grades may increase the cost high- 
way travel: 
First, round trip grade that beyond the economical limit rate 
(whether not the vehicle must operated some gear other than high), 
results increase fuel consumption over that required for traveling 
the same distance the same surface the vehicle operated 
neg- over various test courses, including level sections and various grades, the 
the gasoline required the grades that required the level 
any other grade can determined. made Iowa State 
College this ratio (designated herein) varied from about 1.1 
ranging between and 12% and the kind traffic assumed for the iliustrative 
that follow. This factor can determined for specific grade reduc- 
tion projects with sufficient accuracy few days field work with 
assortment typical vehicles. 


The second reason why excessive grades may increase the cost highway 
travel that energy lost when there necessity for controlling the vehicle 
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with the brakes descending grade. would simple matter design 
grade upon which specific vehicle (say, the designer’s own automobile) 
would coast approximately constant speed gradually increasing speed, 
reaching the end the gradient approximately some pre-determined 
speed; but automobiles some other design, especially some other weight, 
would not perform exactly the same For the greater proportion the 
automobiles operating high gear, with the throttle closed, the safe coasting 
grade between and per cent. For commercial vehicles, especially the 
trailer combinations, the safe coasting grade between and per cent. 

The third reason that the conventional method driving operate 
the motor with the clutch engaged when descending hill and, while thus 
operating, engine friction and the fuel pumped through the motor both become 
factors the problem. 


apparent, therefore, that highway grades must compromise 
between what for ascending vehicles and what safe for descend- 
ing vehicles. series trials grade can fixed that satisfactory 
from the operating standpoint and within the limits the probable savings 
the operating costs the traffic. 

The application these considerations specific highway involves only 
few rather simple computations and will illustrated numerical prob- 
lem for which the conditions have been assumed random. 

The physical conditions are set illustrated Fig. which shows 
grade average rate 12% and 2000 long, which proposed 


Fic. ILLUSTRATING ECONOMICS GRADE REDUCTION 


reduce relocation that requires the new grade 000 long. 
For the traffic this road assumed the safe coasting grade; that 
is, grade there would some vehicles using little power the 
descent and some that would use the brakes, but the braking conditions would 
not severe. 

For the purpose these computations may assumed that gallon 
gasoline weighs 5.9 tests 19000 Btu per and costs cents per gal. 
Each British thermal unit equivalent 777.5 ft-lb, and the average 
ciency the automobile and truck engines use about per cent. 
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The quantity gasoline, gallons, required lift ton is: 


19000 5.9 777.5 0.15 


Assume the traffic the highway tons per year, equally divided 
between the two directions travel and consisting 2400000 automobiles 
average weight 1.25 tons, and 250000 commercial vehicles average 


weight tons. For this problem, ascending grades are analyzed four 
steps, follows: 


0.00015 


1.—The annual saving cost vehicles ascending the grade com- 


pared the average 12% grade (neglecting increased distance for the 
moment) with 1.75 is, 


2.—Vehicles descending this grade need not use any power and the extra 
cost travel for the 1000 added distance may neglected since there 
are power costs involved. 

3.—The computations Step take account the cost extra dis- 
tance due the relocation. There would extra power costs for the 
descending traffic, and the other items may omitted. The extra costs per 


year for the ascending traffic will equal the cost traveling 1000 ft, 
which is, follows: 


For automobiles: 


For commercial vehicles: 


280 860 
for the ascending grades: 


Total annual saving the assumed grade reduction... $11 970 
Annual cost extra 860 


The conditions the right the summit shown Fig. will con- 
sidered analyzing the descending grades, and, this basis, the savings 
will estimated were those for the proposed ascending grades. Let 
assumed that for the minus grades, 180 ft, 150 ft, the new minus 
grade 7%, the old grade averages, 10.5%, and the new grade secured 
that does not increase the distance travel that side the 


The saving per year vehicles ascending the grade compared with 
the average 10.5% grade, with 1.6, is: 
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The total annual saving the grade reduction is: 


Total annual 976 


annual payment sum equal the estimated savings present 
using interest rate 4%, the investment justified this hypothetical case 
would the present worth annuity $12976 running for years, 
with interest compounded annually, which amounts $176 348. 

Similiar computations for grade.of instead 7%, but with the sum- 
mit 210 high, with distance increases and 850 the plus and 
minus sides the summit, respectively, will show probable annual loss 
about 

way contrast similar computation may made for plus grade, 

long, average rate 10%, and, consequently, rise ft, which 
reduced grade cutting the summit and filling the sag. 
The new height will ft, and there will increase the distance 
travel. The factor, will taken 1.2. The annual saving vehicles 
ascending the grade 

new factor now presents itself that automobiles descending this grade 
(if the alignment good) may permitted accelerate and thus utilize 
all the grade effect. The amount that can thus utilized the difference 
between the height the grade and one the same length, 
amounting ft. The money value the height thus conserved $600 per 
year. The net annual saving this grade reduction is, therefore, 
995—$600, $1395. This would justify investment about $19 000 
the 20-yr annuity basis amortization. The value the grade reduction 
the minus side the summit may estimated similar manner. 

‘all the foregoing discussion, assumed that all the vehicles are 
driven down grade gear and with the clutch engaged, habitual with 
most drivers: “free-wheeling” used descending the grades, the fore- 
going does not apply. 
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le, 
les the existence, interest the part engineers the proper establishment 
land boundaries. Few the problems that come the attention the 
ade civil engineer general practice possess greater potentialities for eventual 
lize far-reaching effect, call for the use more mature and 
experienced judgment, than those involving the establishment the re- 
rth, covery boundaries land. suggested Mr. Rowe) that 
per the high standards work required for satisfactory boundary surveys should 
ore, recognized, and that work which measures those standards in- 
sisted upon. 
hoped that more States will follow the lead Massachusetts, and 
very few other pioneers, discussed Mr. Mueller, more scientific 
are method treating boundary problems. The establishment Land Court 
with (placing this class important, technical problems hands especially quali- 
fore- fied training—legal and engineering—to rule such cases), long step 


toward their scientific solution. The registration title that naturally fol- 
lows such assurance competent boundary determination great 
convenience the purchase and sale lands. 

suggested Professor Perry, the local flavor the paper obvious, 
course. There are two reasons for this: (1) The paper was originally pre- 
snted before the Iowa Section the Society; and (2) the apparent necessity 
using the law one jurisdiction example, instead trying treat 
the subject more generally, caused the writer turn naturally that with 
which was most nearly familiar. 


this paper has appeared Proceedings, follows: 
Ray Skelton, William Bowie, Robinson Rowe, and 
Walter Dunlap; December, 1933, Chester Mueller, Assoc. Am. Soc. Janu- 
1934, Messrs. Clarence Johnston, Harley, and Lynn Perry; and February, 
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Quite properly, Professor Johnston emphasizes the need setting distinc- 
tive and enduring monuments. Possibly other one precaution will tend 
more directly, more certainly, prevent the re-opening boundary ques- 
tion than thus express and mark its solution. 

Second only the importance suitable monuments the 
comprehensive, reliable system stating their positions, means mak- 
ing possible more definite metes and bounds descriptions, locating the 
they are place, replacing them accurately they. have 
been destroyed. The obvious answer the use such systems rectangular 
co-ordinates are discussed connection with the control 
surveys recently made the several States under the auspices the United 
States Coast and Survey projects the Civil Works Administra- 
tion, plane co-ordinate systems have been established for several the States. 
means these surveys hundreds monuments have been set and con- 
nected traverse second-order precision the triangulation net. This 
work has served make this means control much more generally available. 
When the co-ordinates these been determined they should, 
some means, made available for general use, and hoped that engi- 
neers will use them every opportunity. The advantages doing are too 
well known require further That their use will meet 
with some opposition when that use involves others than engineers goes with- 
out saying. This should engineers from retaining the courage 
their convictions and explaining and promoting their purpose. attempt 
substitute their use abruptly for time-tried methods stating the posi- 
tions property corners would very likely result such 
resistance would defeat the purpose. metes and bounds description 


land can easily written that all the advantages the use the 


ordinates will secured, while, the same time, would. possible delete 
all reference co-ordinates co-ordinate systems and still leave descrip- 
that would entirely acceptable under present standards. This latter 
feature might make such description acceptable abstractors, lawyers, and 
Courts, the absence formal legalizing act. Such act might meet 
with defeat proposed, thus distinctly hindering the introduction the use 
this control. 

The following suggested form: metes-and-bounds description 
land, using co-ordinates, referred the Coast and Survey 
triangulation, define the positions corners: 


land situated Blank County, Iowa, and described follows. 
The co-ordinates used define the positions corners are referred the 
system co-ordinates established the United States Coast. and. Geodetic 
Survey for use the southern counties Bearings used are referr 
the meridian that system co-ordinates: 

co-ordinates are: latitude 571 001.4 feet, longitude feet, and 
the north line Section 00, Township North, Range West 
Fifth Principal Meridian, three hundred one and six tenths (301.6) east 
the corner said section; thence south seventy-two degrees 
forty-seven minutes east thousand eighty-three and 
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tenths (1083.4) feet along fence line iron pin concrete, whose 
co-ordinates are: latitude feet, longitude, feet; thence 
south sixteen degrees and twelve minutes west 12’ fifteen hundred 
eighty-nine and three tenths (1589.3) feet, along and prolongation 
fence line, iron pin, set the center line Blank road, whose co-ordi- 
latitude, feet, longitude feet; thence south 
sixty-six degrees and five minutes west 66°-05’ twelve hundred ninety- 
two and one tenth feet along the center line said Blank road 
iron pin whose co-ordinates are: latitude 568 630.7 feet, longitude 460 681.6 
feet; thence north thirteen degrees and fifty-eight minutes east E), 
and along fencé line, twenty-four hundred forty-three and one tenth 
feet the point beginning; containing forty-eight and thirty-six 
hundredths (48.36) acres, more less’.” 


hoped that attention drawn the characteristics such 
description noted herein, will possible show client Court 
the advantages the use the co-ordinates, and indicate the absence 
the possible disadvantage the substitution something that may seem 


new for method that old and time-tried, although unreliable from the 
standpoint the engineer. 
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DISCUSSIONS 


PHOTO-ELASTIC ANALYSIS STRESSES 
COMPOSITE MATERIALS 


Discussion 


Assoc. Am. Soc. 


(by was intended that this paper considered 
primarily reconnaissance the field photo-elasticity. Some the possible 
extensions this reconnaissance other studies have been stated very con- 
cisely the discussion Professor Gilkey; but before any extensive research 
work can undertaken along the lines suggested, essential that the in- 
vestigator appreciate fully the practical applications and limitations this 
new and interesting method stress analysis applied engineering parts 
structures. 

Since 1931 considerable part the research work Columbia University 
has been confined primarily determining the practical applications and limi- 
tations this method stress analysis. The writers are convinced that 
photo-elastic stress analysis, when confined uni-planar stress distributions 
statistically isotropic materials, reliable, and they have found check 
closely with those stress distributions that can accurately determined 
mathematical analysis. 

The method does not lend itself the analysis those problems which 
ultimate partial failures occur, outlined Professor Gilkey. Photo- 
elastic methods can only applied those stress distributions which the 
maximum stresses are well within the elastic limit the material, because 
soon the elastic limit thé materjal exceeded, the stress distribution 
changes materially. 


Am. Soc. was published September, 1933, Proceedings. this paper 
has follows: January, 1934, Messrs. Gilkey and 
Robert Baud. 

Prof., Civ. Eng., Columbia Univ., New York, 


Mech. Eng., and Research Associate, Civ. Eng., Columbia Univ., 


Received the Secretary April 1934. 
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has been suggested Professor Gilkey, the writers hope that the 
methods stress analysis that outlined the paper will ex- 
tended the future the more. problems which 
attention has been called. 

The Mr. with the technique testing 
and the interpretation the test results. suggests that the bands shown 
the illustrations should provided with fringe numbers that the illustra- 
tions may more practical value the This could have been 
done the interest clearness. not strictly necessary, however, because, 
all important cases for the beam analyzed, the stresses increase the dis- 
tance from the neutral axis which, all cases, has been clearly marked the 
illustrations. 

The data available lead the belief that the value for Poisson’s ratio 
substantially the same for aluminum for bakelite. 

The comparatively large percentage error the last column Table 
due largely the fact that the numerical values for bending moments 
the photo-elastic method, account the large initial shrinkage stresses 
present, must obtained elimination, indirect which likely 
result small errors. Such method practical because the principal 


for the two conditions are substantially parallel each other; namely, 
red parallel and perpendicular the axis the beam. 
ble The illustrations which show the initial so-called “shrinkage stresses” the 
on- bakelite give the stress distribution only qualitative way. This analysis 
was never intended substitute for quantitative measurements such 
in- could readily made reinforced concrete structural part obtaining 
this the stresses the steel from the measured strains the reinforcing rods. 
arts The paper was not intended expound detail the principles photo- 
technique and, for that reason, only few references were given 
sity which dealt primarily with the application photo-elasticity structural 
engineering. 
that Mr. Baud takes exception the statement the paper that Fig. lisa 
black and white photograph the stress fringes taken with circularly polar- 
heck ized white light. this correct; only one ray the white light 
spectrum circularly polarized, the others being elliptically polarized. 
taking the photograph, filter was used eliminate all except the green 
light, produce more nearly perfect circularly polarized light than 
hoto- possible with white light, without using filter. Furthermore, the elliptical 
the polarization effect probably introduces errors sufficient magnitude 
cause detract from its practical value. 
ution the writers wish thank the discussers for their valuable 
criticisms, especially those Mr. Baud, who (as stated his discussion) has 
published some very important papers dealing with both the technical and 
optical aspects the use light determining the stresses 
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DURATION CURVES. 


MEssrs. DINO TONINI, AND ALDEN 


Dr. (by information concerning basic con- 
cepts that underlie duration curves brought together paper. The 
application this type curve hydrology productive interesting 
results and its detailed examination’ always discloses new 
characteristics. 

the author properly states desirable that the time unit for 
original records terms daily flow. Weekly and monthly duration 
curves can result differences especially the stream flow 
regulated only reservoirs limited storage. Calculation with daily flow 
data almost essential for plotting duration curves short streams and, 
for all water-sheds which the flow subject sudden and con- 
siderable changes, such “flashy” streams and those that are fed melting 
snow and ice. 

The duration curve, plotted daily flow, order magnitude for 
record several years, may represent the “average year.” Indeed, the dura- 
tion curve for the entire record may considered the sum different 
yearly curves and hence (apart from the time scale) duration curve 
“average year.” The monthly duration curve, derived extension the 
average duration curve, seems have little value practice. Essential varia- 
tions flows between one month and another are too important, having 
physically definite character. For instance, may desired know the 
average distribution flow the record certain month, say, January; 
then, the duration curve constructed from all available January 
‘represents “average January month.” course, the sum twelve similar 
average monthly curves gives “average generic monthly curve” which 
also that “average year”; but, stated, for monthly 
computations since the distribution run-off different months too 
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December, 1933, Messrs. Richard Pfaehler, and Edward Sargent; January, 
D.Watson, Howard Cook, Jarvis, Donald Mattern, and Knapp. 
Adriatica (Adriatic Elec. Co), Padova, Italy. (For 
merly Engr., Servizio Idrografico Italiano.) 
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able. duration curve, average curve, must used carefully with 
records less than month; for instance, duration curve showing the dis- 
tribution 24-hr average flows could not represent weekly distribution for 
glacial rivers, for large water-sheds which floods sometimes. continue 
for many days, for short rivers with sudden variations flows, etc. 

the storage reservoir sufficient for 100% regulation, the regulated-flow 
duration curve horizontal line equal the average discharge record. 
the other hand, the practical development storage generally less than 
that required for complete regulation; hence, the less storage there available, 
the more the regulated-flow curve will depart from the straight line average 
flow. More important than provide for minimum regulated flow, the 
problem securing the best regulation with given storage reservoir, thus 
using much the natural stream flow above the minimum possible 
with power plant limited size. other words, necessary find, for 
every available storage, the regulation that permits the maximum utilizaton 


The natural run-off, with the minimum power plant. 

Duration curves and duration-area curves have been used the Hydro- 

Service Italy for long time. This Service has also computed 
the the Kingdom Italy, basing the estimates 

for particular the application duration, duration-area, and mass curves. 

tion result, the officers the Service, and private engineers well, have 

described various mathematical and graphical properties these curves. 

flow The first application the duration-area curve seems have been made 

con- great interest the subject, and developed Italy, 

the duration-area curve the “hydrologic characteristic power 

development.” 

for the run-off and its respective duration, the curve, (t), 

the duration curve run-off (generally constructed for data decreasing 

erent order magnitude (see Fig. 14)). The curve, 

varia- q . . 

inga the duration-area curve, plotting values the axis abscissas and 

the Values the integral Equation (7), the axis ordinates (see Fig. 

uary; function, 

sur les éléments caractéristiques régime d’un cours 

onthly Coutagne, Revue Générale d’Blectricité, August 28, 1920. 

cicli delle portate naturali dell Prof. Fantoli, Annali 
November, 1926, and September, 1927; “Preliminare esame comparativo 
delle condizioni idrologiche delle varie regioni italiane,” Prof. Marchi, 
del Servizio Idrografico Centrale, Vol. and III, Memorie Studi idrografici del 
September, 1928; also, same author, della 

“Su_un procedimento statistico applicabile determinazioni idrologiche,” Prof. 
Gherardelli, Annali dei Lavori May, 1929; also the same author, “Criteri 


regolazione parziale dei bacini imbriferi,” Annali Lavori Pubblici, July, 1929: 
Applicazione metodi statistici Prof. Ricco, Bollettino dei 
Comitato Nazionale Italiano Geodetico Geofisico, Venezia, 1924. 
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the other hand, special well-known curve termed “concentration 
curve,” for which the “ratio concentration” may obtained. Theoretically, 
the latter equal zero for uniform distribution flow the period 
record, and approaches unity its upper limit more the recorded flow 
concentrated small part the entire period. 


Duration %-of-Time Scale, 


Duration-Area Scale, 


Fic, 14. 


Professor Gherardelli* has described some new properties the duration 
and duration-area curves. uses the “%-of-time” method for plotting the 
duration curve, and gives flows terms their mean. The abscissas, 
and the ordinates, the duration-area curve may then defined the 
following equations: 


(9a) 


which, 
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the rate flow; the average mean flow; the duration the flow; 
and the period record. 
Fig. (b), the duration-area curve which intersects the z-axis 
minimum flow). The curve also tangent the horizontal line, 
mum flow). The derivative, any point, gives the duration (%-of-time) 
the flow, the second derivative gives its frequency. 
given point, the duration-area curve, the ordinate, determines 
the fraction average stream flow available with canal the maximum 
capacity, The segment, y), represents lost run-off; while 
the various segments parallel the axis ordinates and situated between the 
curve, OD, and the line, OMD, give the surplus run-off with 
storage reservoirs. 
The area, O’MD, has interesting statistical meaning, because 
function the relative standard deviation flow; fact, 
Area Area OCD Area OCM 
From Equations (9), 
or, 
the 
: T 
Now, since Area OCM follows 
(9b) 


The relative standard deviation from the average flows can 


computed the duration curve. The sum the squares the 
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Since 


Then, letting equal the relative standard deviation, 


or, 


From Equations (10) and (11), follows that Area equal one- 


half the square the relative standard deviation from the arithmetical 
average. 


For the duration-area curve Professor gives the equation, 


T 


cient. (It varies from 0.77 for the Tevere River 1.80 for the Arno River.) 
This coefficient also represented Area for, 


The coefficient also function the relative standard deviation, 
From Equations (10), (11), and (13), follows that Fan- 


toli’s formula, Equation (12), fairly close agreement with the actual 
curves. 


Coutagne has also considered these matters. For the duration curve 
proposed the following: 


The factor, new “irregularity coefficient,” determined the flow, 


Theoretically, for perfectly regular flow, but practice varies be- 
tween and 
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The equation for the duration-area curve proposed Coutagne (using 


which (to simplify typography), 


The theoretical curve, Equation (12) Equation (16), must tangent 
the line, the point, qo; and, also, tangent the line, 
duration-area curve can constructed quickly parabola the second 
degree fully defined these points and their tangents (method tangents). 

Another type empirical duration and duration-area curves developed 
from probability curves, proposed French writer, Gibrat.” Further 
interesting applications the duration and duration-area curve are given 


the paper, the writer indicated that his object was present general 
description the fundamental properties duration curves, with the hope 
that the discussions would bring out additional practical applications. The 
results have thoroughly justified that hope. The paper has brought out much 
new information concerning duration curves which, far the writer 
aware, has not heretofore been published American engineering literature. 

Several the discussers express regret that the writer apparently had 
abandoned the use theoretical frequency and duration curves, and thus 
appeared the light apostate. This, however, far from 
the truth. The writer fully convinced now, was 1924, the use- 
fulness theoretical frequency curves for engineering studies. There 
doubt that such methods can applied advantageously many types 
duration diagrams; but the development these curves has been rather fully 
covered other papers, has already been noted. preparing the present 
paper, the writer purposely avoided any digression from the study duration 
curves actually constructed from observed data. the fundamental prop- 
erties such curves are well understood, the use theoretical curves should 
that much easier. 

Two uses duration curves were indicated the paper. Colonel Pettis 
these “flood-duration curves” and “power-duration curves.” The writer 
would prefer not use any such distinctive names, all the curves are 
fundamentally the same type. The difference only the manner 
which they are used. The theoretical curves are particularly useful for 


hydroélectrique des cours d’eau; Statistique mathématique 
des Gibrat, Revue Générale October 15, 


und Dargebot,” Ludin, Springer, Berlin, 1932. 
Asst. Chf. Engr., Parsons, Klapp, Brinckerhoff Douglas, New York, 
Received the Secretary April 12, 1934. 
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probability studies, but the data can presented suitably smooth 
curve, there reason why the latter should not used picture what 
the data would expected give they were more extensive. 

The important point is, that duration curve plotted from the original 
records, explained the paper, can used obtain results actual 
agreement with those records. desired obtain results correspond 
with what should expected from record infinite length, then the theo- 
retical curve should give more reliable 

Comparison Daily and Monthly Flow-Duration —Mr. Pfaehler, 
Mr. Hoyt, and Mr. Watson have commented the error involved use 
curve based monthly average flows instead daily averages. The writer 
has given considerable attention this question, which seems worthy 
further discussion. The error will always such give results which 
are too large compared with what would obtained from the daily flow- 
duration curve. examination Fig. shows that the area beneath the 
monthly curve, any assumed rate discharge, greater than the corre- 
sponding area under the daily curve, and this inequality will hold for all 
rates flow the maximum daily discharge. 

study. has been made the writer determine the relative amount 
this error for particular stream. Flow-duration curves obtained from the 
records gauging stations the Delaware River water-shed were used. 
daily flow-duration curves were computed Mr. Laurence Burnett, 
together with the duration-area values for various rates stream flow.) The 
ratio the daily the monthly duration-area value was then derived. Fig. 
with Table shows the variation this ratio plotted against the stream 


Average Run-off from Daily Flow Curve” . 
Average Rur-off frorh Monthly Flow Curve 


East Branch 
Delaware River. 
lat Cook's Falls 


the Ratio, 


RIVER SHED 


Period Drainage flow from the cubic feet 
feet per second square mile 
Port Jervis, 070 600 1.82 


Falls, Y.......... 1904-1930 241 
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flow expressed cubic feet per second per square mile. The curves show 
that the ratio the daily monthly duration-area (or average run-off) 
value begins unity for certain low rate discharge, which the mini- 
mum daily flow record. The ratio decreases for higher rates discharge, 
and reaches minimum about times the mean stream flow. Beyond 
that, the ratio increases until finally reaches unity again discharge 
equal the maximum daily flow record. 

The three curves Fig. are for records points greatly different 
drainage area and average stream flow, but they are very similar shape. 
evident that the drainage area increases, the ratio values also increase; 
but the curves for Port Jervis, Y., and Cook’s Falls, Y., are almost 
identical for flows mean run-off, and even the curve for Trenton, J., 
only higher than the other two, for rates discharge less than 
the mean. Apparently, the curve for Port Jervis could used without 
serious error for practically all points the water-shed farther stream 
(except very high rates discharge), and also for considerable portion 
the water-shed below Port Jervis. 

suggested, therefore, that when any extensive study made 
given water-shed, least one flow-duration curve computed from daily 
Satisfactory results should obtained with record short ten 
years. The corresponding monthly duration curve should also computed, 
for the same period record. From the resulting duration-area values, the 
ratios daily monthly average run-off are computed, and plotted against 
the stream flow, cubic feet per second per square mile. Then, when the 
record some other station the water-shed studied, only 
the monthly flow-duration curve, and duration-area curve, need computed 
The latter can reduced equivalent daily duration-area curve multi- 
plying ratios obtained from the curve already plotted. The results should 
reasonably precise, even large water-shed; and two daily curves are 
obtained points large and small.drainage area, the corresponding ratio 
curves can interpolated for intermediate points. The final results should 
accurate within few per cent. 

The shape the ratio curves will doubtless vary for different water-sheds, 
the minimum value the ratio should smaller for streams which have 
rapid daily flow “flashy” streams). The fact that the 
larger drainage area results higher ratios expected, since increase 
drainage area has the effect “dampening” the effect sudden storms 
which would cause large daily fluctuations small drainage area. 

The reason for plotting the stream flow cubic feet per second per square 
mile, instead terms mean run-off, reduce the effect variation 
drainage area. Since the average flow cubic feet per second per square 
mile decreases drainage area increases, the ratio curves are brought 
closer together than they would the mean run-off method plotting were 
used. However, only one ratio curve plotted for given water-shed, 
either method plotting would 
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The writer wishes emphasize the importance making some correction 
the monthly flow-duration curve. present study shows that,the result- 
ing error average flow below given discharge may 15%, more. 
impossible construct daily flow-duration curve for under 
investigation (due lack records, limited time), ratio curve derived 
from the daily records some other stream could used guide ob- 
taining set correction factors, which would then applied the monthly 
duration curve the stream question. The results, even not very pre- 
cise, would least more conservative than would obtained from the 
monthly curves without correction. 

Having obtained equivalent duration-area curve daily flow, 
described previously, simple matter derive the corresponding flow- 
duration curve, means the slope the duration-area curve, merely 
reversing the process explained for the “Duration-Area Curve.” 

Historical Development.—Several the discussions present additional in- 
formation regarding the history duration curves. Mr. Pfaehler states that 
used flow-duration curves 1908 and 1909. Mr. Sargent gives further 
reference his own work the subject, and shows that form duration- 
area curve was used him 1911. Dr. Tonini states that this latter curve 
was introduced France 1920 Coutagne, and that has been exten- 
sively used Italy recent years. Mr. Cook’s reference the 
the late Mr. Herschel, published 1878, particular interest. 

Comments Pfaehler has shown how one-year dura- 
tion curve may value indicate special conditions years drought 
excessive flow. considers the duration curve regulated flow not 
being suitable for use complicated stream-flow and reservoir studies. 
question that must decided the engineer any particular case. 
fact, has been mentioned also Mr. Knapp, each the graphical methods 
studying stream-flow records has its own advantages and limitations. 
only through detailed knowledge the various methods that engi- 
neer enabled select those that are best adapted for use analyzing 
given problem. 

Mr. Sargent’s statement that computations power output from duration 
should discounted interest connection with Mr. Knapp’s 
discussion this matter. 

Colonel Pettis’ discussion chiefly outline his methods for deter- 
mining the probability floods. should value bringing his interest- 
ing work the attention the profession, since this the first time that 
his theory has been described any publication the Society, far the 
writer aware. Since the question floods very broad itself, and 
somewhat outside the scope the present paper, writer will not attempt 
any further comment. 

Mr. Hoyt’s discussion particularly valuable its explanation the 
use duration curves for international comparisons river flow and available 
power. makes distinction between “duration curves” and “deficiency 


Transactions, Am. Soc. Vol. VII (1878), 236. 
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curves.” The writer would prefer use the term, “duration curve,” 
more general sense, that the deficiency curve would special type 
duration curve. The writer has always thought the duration curve 
related its statistical origin. From this point view, any set data 
which can arranged frequency table can represented dura- 
tion curve; and monthly yearly average-flow record can presented 
duration curve just logically daily hourly flow record. The essential 
point showing such, duration curves is, stated Mr. Hoyt, that “the 
explanation must always indicate the time unit used.” 

Mr. Hoyt states that the duration curves daily and monthly flow can 
used correct the storage computed from mass curve based monthly: 
data. Storage computations means the mass curve are generally based 
monthly average flows, the plotting mass curve for daily flows 
very laborious. The results, however, always involve certain error, which 
depends the distribution daily flows during the last month the period 
maximum reservoir The writer has indicated the paper that 
the duration curve itself does not show the amount storage actually 
required. Hence, the difference between the daily and monthly duration 
curves will not show, theoretically, the proper correction applied 
storage computed from the monthly mass curve. However, 
probable that the error involved this method small, especially since the 
proper correction the mass-curve storage value itself probably within 
the limits per cent. Accordingly, the engineer should justified 
determining this correction for “daily means the daily and 
monthly duration’ curves, which should give closely approximate value 
and considerably easier than using daily mass curve. The writer 
indebted Mr. Hoyt for suggesting this method. 

Mr. Santos has given clear explanation how theoretical duration 
curve may computed from the observed data, which the writer has 
already commented herein. While discussion theoretical curves outside 
the limits which the writer intended set for the paper, reference will 
made Mr. Santos’ suggestion whether some other form curve than Pear- 
son’s Type Type III might afford better certain cases. This 
doubtless true. was shown the paper which Mr. Santos refers™ that 
Type and Type III curves Pearson could readily computed 
means tabulated factors, using only values for the coefficient variation 
and coefficient skew determined from the recorded data. The method 
given required knowledge the mathematics skew probability curves. 
Pearson gave seven types curves, which Type special case for 
Type and Type VII special case for Type III. Types IV, and 
are form not commonly met engineering work, and, moreover, are 
reduce tabular form was done for Types and III. 
quite possible that some classes engineering data might represented 


See, “Storage Provided Impounding the late Allen Hazen, 
Am. Soc. Transactions, Am. Soc. E., Vol. LXXVII (1914), 1573. 


Transactions, Am. Soc. E., Vol. LXXXVII (1924), 142. 
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more accurately these other types; but the computation the curves 
probably outside the ability patience most engineers, when tabulated 
factors are not available. 

Mr. Knapp has given excellent description the application the 
duration-area, “power-energy,” curve problems load variation and 
power output, which requires additional comment. particular signifi- 
cance his explanation the use this curve determining the output 
hydro-electric plant affected the demand requirements. Mr. 
Sargent has noted, the duration curve itself likely give results 
power output greater than can actually used. Mr. Knapp would use the 
theoretical duration curves preference observed data, but would treat 
the duration curve without reference its related frequency curve. 
interesting compare his comments this respect with Mr. Cook’s discus- 
sion the properties frequency curves. 

Mr. Watson gives interesting comparison the results computing 
curves the “total-period method” and the “calendar-year method.” The 
writer would prefer the total-period method being more accurate, although 
possible that the second method might satisfactory some cases, 


when adjusted the methods described the paper which Mr. 


Watson refers.* His comments the relative accuracy daily and monthly 
flow-duration curves are close agreement with the writer’s conclusions. 

Mr. Cook has given valuable description the frequency curve, its 
relation the duration curve, and its interpretation regards physical con- 
ditions. notes the difficulty locating the mode correctly. this 
connection, the Pearson Type Type III curve used, the mode can 
located readily the following Mean Mode, 

For Type 


For Type III, 


2 
Equations (17) and (18) give the distance which the mode comes 
below the mean (on the stream-flow axis), expressed terms mean stream 
flow. For the Type curve, the difference between the mean and the 


median“ approximately equal 


Mr. Cook’s remarks the danger using too short time unit certain 
cases are significant, and should compared with Mr. Jarvis’ statetments 
regarding the Upper Mississippi River. 

Mr. Mattern does not consider the duration curve suitable for studies 


the Flow Characteristi lina 
Streams,” Thorndike Saville, Am. Soc. B., and John 
Transactions, Am. Geophysical Union, Annual Meeting, 1933, 406. 

Am. Soc. B., Vol, LXXXVII (1924), pp. 153, 
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power plant operation, which respect seems agreement with 
Mr. Pfaehler. The writer has already commented this question. Mr. 
Mattern’s suggestion that, because the hydrograph easier explain the 
layman, should used preference the duration curve, does not seem 
fully justified. the same argument, the engineer should not use calculus 
his computations because the president the company does not under- 
stand integral sign. the duration curve helpful the analysis, 
there reason why should not used; not, then some other method 

Dr. Tonini has rendered valuable service American engineers bring- 
ing their attention the work his compatriots and other European 
engineers the development duration and duration-area curves. His 
analysis the properties the duration-area curve particularly valuable. 
this connection, may noted that the “relative standard deviation from 
the arithmetical average flows” the same the “coefficient variation” 
used American practice. 

The empirical equations for duration and duration-area curves, quoted 
Dr. Tonini, are interesting and may prove value some cases. The 
writer, however, would prefer avoid the use such formulas, believes 
greater accuracy will obtained most cases duration curves the 
Pearson types, which the constants are obtained from the observed data 
each particular case. The references noted Dr. Tonini should useful, 
particularly the pamphlet Ludin,” which contains many interesting 
suggestions for the graphical analysis stream-flow data the hydrograph, 
mass curve, and duration and duration-area curve. 

conclusion, the writer wishes express appreciation the interest 
shown this paper, and for the many valuable suggestions and methods 
which have been made available the profession the several discussions. 
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DISCUSSIONS 


ANALYSIS UNSYMMETRICAL 
CONCRETE ARCHES 


Discussion 


tion certain unsupported statements which the writer wishes question, 
there appears nothing Mr. Molitor’s discussion indicate that the 
writer’s method for the analysis unsymmetrical arches not much more 
simple application than the orthodox method presented Mr. Molitor. 
The latter, requires that the rib dimensions determined completely and that 


the values elastic weights and their functions calculated 


reactions and stresses are determined. The writer’s method permits the calcu- 
lation reactions and stresses without the necessity determining first the 
rib thickness and axis co-ordinates all points. For this reason, possi- 
ble, the writer’s method, calculate the stresses number ribs and 
arrive the most economical design less time than required for the 
complete analysis the orthodox method one assumed design which, 
itself, will not indicate the most economical proportions. 

The writer did not begin with solution for symmetrical arches (as stated 
Mr. Molitor), but did “solve the geometry the simplest possible 
manner for the unsymmetrical case.” The writer’s solution the symmetri- 
cal arch based the elastic system used Mr. Molitor with the rib cut 
the abutment only; but for the unsymmetrical case, because the discon- 
tinuity the arch-axis equation the crown, simpler cut the rib 
the crown, treating the two sides the rib separately. difficulties were 
encountered because the interruption the principal the crown 
the arch. 

The writer does not entirely agree with Mr. Molitor that the shape the 
arch “should three-centered five-centered curve nearly possible 
coincident with the line thrust drawn for total dead load plus one-half the 
equivalent uniform live load over the entire span.” matter fact, that 


paper Charles Whitney, Am. Soc. E., was published 
1933, Proceedings. Discussion this paper has appeared Proceedings, 
February, 1934, David Molitor, Am. Soc. 
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method does not have the effect equalizing positive and negative live load 
moments. However, were use the pressure line for dead 
load plus part the live load, may done simply including the proper 
live load the values, and ws. This the writer his 
prévious paper.* 

and negative moments all critical sections. Mr. Molitor’s statement 
the location critical stresses certain definite appears somewhat 
broad, their location may affected load concentrations and the relative 
importance stresses due rib-shortening, temperature changes, etc. 


Am. Soc. E., Vol. (1925), 966. 
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tion made this paper that the angle internal friction, not neces- 
sarily the angle repose. Other writers have recognized this fact recent 
years, but one which should emphasized. The well-known formula for 
The derivation was for ideal granular material presenting other internal 
resistance than that due friction. For such material could demon- 
strated that the angle internal friction was equal the angle repose. 

somewhat later date the proposition. was demonstrated that when such 
ideal material was submerged the same formula for horizontal earth pres- 
sure would apply, providing that, such case, taken the weight 
material when submerged, addition which there would full hydrostatic 
pressure corresponding the given head water. The present series 
experiments marks the first attempt, which the writer has any knowledge, 
verify the last conclusion. The question importance connection 
with the design bulkheads and quay walls retain submerged fills. 

The author refers the angle internal friction. Exception might 
taken this definition, and suggested that better term would 
“angle internal resistance.” would difficult conceive any man- 
ner which the internal friction compacted sand could markedly in- 
creased when the sand was saturated, and evident that some property 
other than friction brought into play the inundation. This additional 
property generally referred “cohesion,” and supposed due 
action the water the small passages between the grains 
sand. this the true explanation, then one might expect find much 
greater increase internal resistance when sand was saturated than when 


ber, 1933, Proceedings. Discussion has appeared Proceedings, follows: 
January, 1934, Meem, Am. Soc. E.; February, 1934, Messrs. Eugene 
Halmos, and Wilcoxen; March, 1934, Messrs. Froehlich, Thack- 
well, and Jacob Feld; and April, 1934, Messrs. Farrance Davey, Krynine, 
and Charles Terzaghi. 
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gravel was saturated because the water passages the latter are much larger. 
The results tests tend confirm this explanation. 

friction and cohesion, follows once that the value will vary with 
the depth material, and the mathematics the investigation become quite 
complicated. addition, there experimental proof, far the writer 
knows, that either the friction the cohesion remains constant with vary- 
ing water pressure. instance, the bank sand high, the pressure 
which was measured the author, had been resting against the base 
dam 200 high the results might have been far different. scarcely seems 
likely that such would have been the case, but the contrary has never been 

wise wishing disparage the author’s results, which are 
valuable and interesting, the writer desires point out that the tests are 
bank sand only high. They show most marked change the 
coefficient internal resistance, for sand, upon inundation. This may 
caused the development additional internal resistance due capillary 
action. The numerical value such capillary resistance, presumably, 
limited. this true, its effect upon the coefficient internal resistance 
would decrease the total such internal resistance, due all causes, in- 
creased; that is, the additional resistance due cohesion the test case 
caused change 100% the coefficient internal resistance; but this 
same amount cohesion had been introduced into bank sand 100 high 
which the true internal friction was many times great, then upon 
inundation the change the coefficient resistance might have been relatively 
insignificant. 

Actual experimental proof urgently needed whether this relative 
change the value tan upon inundation holds good for high banks 
soil, whether the depth becomes greater the importance the observed 
effect decreases. even greater importance the need for exhaustive ex- 
periments regarding the behavior the cohesion finer grained soils, such 
silts and clays, under heavy pressures. 

These questions are anything but academic. There present prospect 
resumption hydraulic mining California. Existing laws make manda- 
‘tory the construction dams retain the débris from such operations, 
order avoid the silting the main rivers. There wide divergence 
opinion among engineers the basis upon which such dams should 
designed. One school claims that the pressure against such dams will actually 
less than that due full head water. Another group engineers, 
position some authority, insists that such dams shall designed with- 
stand pressure due liquid having weight 160 per ft. many 
cases, not all; the decision whether not mining shall resumed 
will depend upon the cost the necessary débris dam. Some 
may considerably higher than 100 ft. actual information concerning 
earth pressures, whether not saturated material, involving heights even: 
approaching these, known. 
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Direct measurements the method described the paper, any 
other method, are difficult make with any degree accuracy. The fact 
that this instance such direct measurements gave higher results than those 
derived from the observed pressures suggests the possibility that cohesion was 
present the material when the direct measurements were taken. The 
effect such cohesion would increase the value tan for light load- 


ings. Had the upper box the measuring apparatus been weighted give 


the average unit pressure that existed the bin, the agreement between 
observed and derived values might have been closer. 

does not seem logical suppose that the loss total pressure upon 
partial inundation could due loss weight the submerged material, 
the author suggests. true that when submerged the material loses 
weight, and that, the value were constant all times, the pressure 
from the submerged earth would less than that from the same earth when 
not submerged. the water submergence exerts additional pres- 
sure and, upon the principle that action and reaction must equal, would 
impossible for the water, through its buoyant action, take away more 
pressure than itself added through its presence. 

suggested that more plausible explanation this unexpected 
phenomenon may found the varying value The total pressure 
against the bulkhead may regarded made four parts: (a) The pres- 
sure the dry earth, above the line submergence, against that part the 
bulkhead with which comes contact; (b) the pressure the submerged 
earth, due own weight only, against that part the bulkhead with 
which comes contact; (c) the pressure the water against the sub- 
merged part the bulkhead; and (d) the pressure against the submerged part 
the bulkhead, exerted through the submerged earth, due the load 
surcharge earth, caused the dry earth above. The weight 
this surcharge would not the weight the earth above, but would that 
weight decreased the amount the friction such earth against the face 
the bulkhead, and the distribution this imaginary surcharge would vary 
with the distance from the bulkhead. computing Part (a) and for 
dry sand would used; for Part (b) the corresponding values for the 
inundated condition would used; while for Part (d) the amount the sur- 
and its distribution would require further investigation and the value 
words: When some the material submerged that portion loses weight, 


and there consequent loss pressure. Furthermore, since increased, 


the pressure due further decreased; and, again, the weight 
the unsubmerged earth above causes additional pressure trans- 
mitted the bulkhead through the submerged earth; but the value 
then the pressure transmitted will decreased.. the other 
hand, the water submergence itself exerts pressure against. the bulkhead. 
Until some considerable depth submergence reached, the sum the three 
losses may exceed the gain due the presence the 
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The suggestion that may show marked and hitherto unsuspected in- 
crease submersion, least the case sands, most interesting. 
this result should confirmed further experiments and for greater depths, 
might help explain several observed facts which have not. been accounted 
for completely satisfactory manner. dredge operators have 
long known that otherwise deficient bulkhead could relieved 
ing embankment against before completing the remainder the fill. 
Just why this should so, particularly where the material was permeable 
one, such sand, has not been entirely clear, since before the fill could 
completed the water level must raised the top, apparently giving full 
hydrostatic head against the bulkhead any event. The most common idea 
has been that the embankment first deposited had time settle, consolidate, 
and develop cohesion. Undoubtedly, these factors had some effect, but the 
explanation has never been completely satisfactory the writer and has 
been inclined suspect that leakage through the bulkhead, together with the 
well-known loss head experienced water flowing through earth, materially 
reduced the hydraulic head effective against the bulkhead. other words, 
after the bulkhead had been protected some width earth the cracks and 
leaks served same purpose the weep-holes that every one knows 
should placed all retaining walls. The author’s results indicate that, 
particularly the case fills which were partly submerged, unexpectedly 
high value for might furnish partial explanation. However, such con- 
sideration could not explain how some bulkheads which evidently could not 
full water head alone, not mention additional load due 
earth, could retain dredger fill, and the writer still thinks that loss head 
due leakage important factor. would interesting run another 
set tests with the author’s apparatus, leaving number small leaks 
the bulkhead. 

Most bulkhead design empirical affair best. Some modern types 
steel sheet-pile bulkhead are practically water-tight. steel bulkhead 
designed that each part were mechanically equal strength 
the corresponding part some wooden bulkhead which experience had shown 
adequate, the designer might get into trouble because there was 
leakage relieve the water pressure. 

Bulkheads depend the passive resistance the earth outside their toe 
for, stability. Through process reasoning similar that which the 
pressure formula was derived, can shown that this resistance (sometimes 
these formulas are not even approximately true for cases which cohesion 
plays important part, unless the pressure measured first and 
computed suit; other words, the answer known, the formula can 
up.” Any values obtained taking published “angles 
repose,” measurement surfaces repose, direct measurement 
the same material under different conditions moisture content 
pressure, will give seriously erroneous results when substituted either 
these formulas, cohesion present any time. 
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number reliable European experimental investigators have reported 
that the passive resistance was least twice that given the formula, for 
any sand gravel having angle repose not flatter than two horizontal 
one vertical. one has ever proved that there was any inherent relation 
between the angle repose and the angle internal resistance (which governs 
pressures), except some ideal case that probably never would encountered 
Nature. Furthermore, there was nothing the accepted theory account 
for this added resistance, has seemed dangerous rely upon such factor 
preparing.a design, least until some explanation was advanced which 
indicate that the effect would present invariably. The writer has 
been inclined believe that the effect was reliable, and was due friction 
the face the bulkhead, which would tend increase the effective weight 
the material that furnishes the passive resistance. However, some cases 
least, the effect could explained through unsuspected variations the 
value which the author’s tests indicate may more common than might 
supposed. 

Comment made the paper concerning the slope assumed Nature 
banks the material tested. This means rare phenomenon. 
matter every-day occurrence the dredging business, which case 
the sides channels generally assume some kind curve, concave upward, 
and the upper part the curve may approach the vertical. Such slopes 
scant resemblance natural side slopes not flatter than (say) two 
one frequently mentioned the specifications, and shown straight 
inclined lines the cross-sections. There have been many arguments about 
side slopes between dredging contractors and engineers. These curved slopes 
are doubtless due the effect cohesion some similar property; theoreti- 

true granular, cohesionless material should assume straight slope, 
but few materials ever under water. 


tered when making tests obtain results that simulate actual 
conditions the field are suggested this paper describing Mr. Parsons’ 
painstaking tests. For example, there utter lack test data basis 
for studying the action variation earth pressure with increasing heights 
fill and for different types surcharge such fills. 

From the railroad engineer this particular problem 
great importance since wide variation conditions encountered 
embankments. Observations structures built connection with 
such embankments have shown ample evidence varying angles repose 
the same material for varying heights embankment. Furthermore, exami- 
nation earlier structures built the Delaware, Lackawanna and Western 
Railroad clearly flattening the slopes with increase heights 
embankment such that the Table have been adopted for use the 
design retaining walls various heights, and the determination the di- 

‘structures supporting such embankment. 
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TABLE Data ror 


Height, feet (90 Angle repose Slope 
0.286 33° 1.0 1.5 
0.300 32°, 1.0 1.57 
0.315 31° 24’ 1.0 1.64 
More than 40.... 0.333 30° 1.0 


was found that even with this flattening slope the fill would “slop” 
over the wing-walls, over the parapets supporting arch barrels, that 
present practice make provision for slope 1.0 1.7 for all embank- 
ments between and ft, increasing the allowance for heights greater 
than ft. 

These results are bound with the effect sloping surcharge. The 
effects both uniform and sloping surcharge have not been sufficiently 
analyzed and determined. quite certain that surcharge both types 
produces change the angle “internal friction” well the angle 
repose the underlying material the course the compaction this 
material. 

Mr. Parsons calls attention the fact that the Rankine Coulomb 
theory, for fill without surcharge, yielded varying results for the angles 
between the horizontal and the planes internal friction for dry soils and 
fully saturated soils. far back 1912 the writer the incon- 
sistency results obtained the application either the Rankine the 
Coulomb theory earth pressures uniform, compared with sloping, sur- 
charge for certain conditions. 

The only reliable results obtainable guide for future design are 
sought (and found) through the installation pressure-cells actual con- 
struction, register the pressure the filling material against the 
retaining walls and abutments for the various conditions, including that 
surcharge that may obtain definite site and the resulting soil pressure 
the foundations. 

Engineers entrusted with such design and construction are earnestly urged 
induce their clients install these cells, order obtain the very valu- 
able resulting information guide for subsequent design. 

The question weight material, course, interesting and im- 
portant one connection with the pressures against the structure, and 
doubt the various degrees saturation modify the results. There 
anomalous condition, however, produced saturation, inasmuch complete 
saturation may produce pressures apparently greater than hydrostatic pres- 
sures due the greater apparent weight the filling material than that 
water; whereas the water produces upward pressume causing buoyancy and 
reduction the weight the filling material. This compensating effect 
buoyancy would naturally reduce the resulting horizontal pressure and 


| 
3 
4 
q 
A 


718 HIRSCHTHAL SOIL PRESSURE TESTS 


under certain conditions, possibly, within the range the pressure 
exerted the dry material. These results will greatly modified, course, 
the grading the filling material. 

The weight the filling material secondary importance the design 
retaining structures since also plays the part aiding the stability 
the structure means the vertical component the resultant pressure 
where the design involves base footing projecting into the fill, batter 
the direction the fill, sloping surcharge. 

Retaining walls never fail shear through any section, and infrequently 
sliding the base. Most failures are due excess pressures the 
toe (or abutment) resulting possible overturning. slight difference 
the location the resultant the base will produce marked difference 
the maximum soil pressure the toe, and this difference the location 
the resultant traceable the assumption the angle “internal fric- 
tion” (or angle repose) the filling material its action causing the over- 
turning moment due the horizontal thrust. 

The question internal friction another puzzling one when con- 
sidered that the filling material may uniform sand, each granule being 
independent little mass more less globular; or, may rock fill laid 
layers, with dirt filling the voids. 

All these points indicate the need further research this important 
subject earth soil pressures—including foundation pressures, which are 
really passive resistance the soil superimposed pressures. 
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Discussion 


paper timely for Southern California, because the extensive flood-control 
and water-conservation works being built under the Federal Unemployment 
Relief Administration this area. The author sub-divides the effect the 
physiographical balance conservation under three headings: (a) 
Changes the water-shed cover; (b) effect regulation the natural 
balance stream system; and (c) effect débris barriers the stability 
the stream bed the débris cone. assumes that these three effects are 
the work The water-shed cover the work Nature, and 
axiomatic that Nature never static. Climatic conditions are governing 
factor water-shed cover and one over which Man has control. 

The disaster the area Southern California 
(New Year’s Day, 1934), resulting from intense rain (averaging more 
than in. for the 2-day storm, and with fairly uniform maximum intensity 
about in. per for over the entire area), small water-shed 
which recently denuded fire, has concentrated attention water- 
shed cover. All the measures for fire prevention, advocated the Forest 
Service dealing with brush-covered areas, such paved highways, motor- 
ways, fire trails, fire breaks, fire apparatus, and hundreds men from near-by 
unemployment relief camps were available, and still the fire burned unchecked 
until the area was burned over. The fire was held the crest the drainage 
area back-firing, which nothing more nor less than controlled burning. 
When torrential rain fell this area, the catastrophe The natural 
phenomena accompanying this disaster offer the clearest examples how 
the many enormous débris fans have been formed the mouths Southern 
California streams. The occurrence these fans evidence similar but 


paper Sonderegger, Am. Soc. E., was published Decem- 
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Engr., San Bernardino, Calif. 


Received the Secretary February 28, 1934. 


, 
« 
q 
7 
7 
7 
q 
4 


720 ROWE BALANCE Discussions 


Segregating proposals for improving the water-shed cover Mr. Sonderegger, 
Article suggests two classes. the first these (as relates 
the capacity the water-shed cover “induce more copious precipitation”), 
the rain the Crescenta-Montrose area, where there was apparently 
much rainfall deforested areas those which were heavily forested 
with brush, would seem disprove this theory; least, regards local con- 
ditions Southern California, 

treating the second class should emphasized that reduction 
evapo-transpiration loss not the primary reason for the advocation light 
deforestation controlled burning. The fire the Crescenta-Montrose 
area demonstrates the advisability .of some method light deforestation 
the brush-covered areas, which would permit more than 50% the water- 
shed cover denuded any one time. Where the entire water-shed cover 
was destroyed, the resulting damage was heavy, but the adjacent areas, 
where less than 50% the water-shed area was burned over, there was little 
material damage. The fact that this area was denuded, the face all the 
preventive measures recommended and used the Forest Service, would indi- 
cate that the present policy wrong. light deforestation were advocated 
simply means decreasing evapo-transpiration losses and thereby increas- 
ing the water supply, the present Forest Service policy fostering fire 
hazard, which eventually results the temporary destruction the entire 
water-shed cover when the inevitable fire occurs, offers the best medium. The 
inevitable needs advocate. 

That the effect ashes seal the stream bed, moot question. The 
presence ashes absorptive stream bed, after forest fire, indica- 
tion that the water has percolated through and left the ashes behind. Any 
flood will stir the stream bed and carry away the transportable material, 
the size which the severity the flood. When the peak 
flood has passed, lighter and still lighter materials will dropped the 
flow decreases, until, eventually, only the finer materials are left deposited 
when the water sinks. The argument relating ashes has been used the 
past regards the presence silt stream bed after flood. The present 
methods maintaining silt-suspending velocities the spreading ditches 
have solved this problem. significant that large deposits ashes 
silt have ever been found, far the writer knows, excavations made 
active stream channels Southern California débris cones. 

connection with the acts Man the effects over-balancing the 
regimen the stream, Mr. Sonderegger has pointed out the 
the deposition débris resulting from the construction dams barriers 
across the channels. The Government’s activities for unemployment relief 
Southern California have resulted large sums money being spent 
water conservation works the débris cones the mouths Southern Cali- 
fornia streams.. Dams have been built across them without any regard for 
the future effects deposition additional débris. 

1926, spreading dam, long, was constructed across the mouth 
Lytle Creek. This dam raised the bed the active channel least 
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succeeding years, floods re-graded the stream such extent that has 
been raised least the Survey gauging station 1.5 
miles stream. The future effect this dam would have been shifting 
the stream highly improved area its débris cone west the old active 
channel, expensive training levee confining the stream its former 
active channel, had not been constructed. This reconstruction resulted the 
abandonment about the original dam. 

1920, spreading dam, 000 long, was constructed the débris cone 
the Whitewater River. This dam was built approximate contour 
height ft, but with the maximum height limited 3.5 above any 
the active channels traversing the cone. The other 1.5 height was buried. 
Floods which followed the construction the dam resulted the re-grading 
the stream beds stream, until the water was forced out its former 
channels and spread over area which the stream had not occupied for 
least twenty years. Precise profile lines run across the cone from this dam 
1920, 1924, and 1927, show that each flood gradually raised the bed stream 
until, after the capital flood 1927, the re-grading effect was noticed least 
mile stream. This was one the primary reasons for the construction 
this darn, danger could result from such additional overflow 
adjacent lands. 

careful survey the débris cone was made 1927 running axial 
line down the center the cone and parallel radial lines the ares circles 
having their apexes common point where the stream first begins fan 
out. This survey showed that there was true cone between the confining 
banks the wash. Future dams are planned take advantage this con- 
dition installing movable crests that the stream bed may raised 
scoured will. addition the re-grading effect stream, there was 
scour down stream due the erosion the 1.5 material between the 
original stream bed and the spillway mat below the crest the dam. 
This effect extended down stream for distance 700 ft. 

The author has shown correctly that the effect the construction 
bridges, culverts, dikes, and roadway dips across débris-laden streams not 
simple matter, but one that should receive careful study, that the various 
structures along the same stream shall co-ordinated their effect the 
deposition and scouring the débris. 

Another factor the deposition from débris-laden streams the elimina- 
tion artesian areas through which such streams may flow. the San 
Bernardino Basin, the artesian rim 1916 extended point miles, 
more, above the Bunker Hill dike, and deposition took place this 
stretch the stream while the artesian rim remained this limit. How- 
ever, with increasing use water and years sub-normal stream fiow, the 
artesian area shrank until, 1934, there are more than miles absorptive 
channel where there was formerly rising stream. This has resulted de- 
position débris the diminution the stream flow due absorption. 
the Gage Canal intake, miles above the Bunker Hill dike, there sand- 
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trap the canal which formerly drained water and sand back the stream 
level. One can now stand this sand-trap, and his head will below the level 
the present stream channel. 

designing barriers across such streams, the effect scouring during 
flood periods has not been considered many cases. The writer has found 
tin cans and other signs recent origin depth below the active 
stream bed, indicating scouring least this depth during flood. 
sawed plank was found during the excavation for Boulder Dam depth 
below the present bed the Colorado Stream gaugings 
Yuma, Ariz., indicate that the Colorado River scours depth more than 
during capital When permanent barrier placed across such 
stream, the flow that was formerly transported through scoured section 
forced pass over the barrier, thus increasing the wetted area above that 
barrier. many cases the only way which this increased flow can ac- 
commodated overflowing adjacent lands which were formerly 
danger from floods. 

Another active phenomenon that influences the physiographical balance 
streams Southern California the effect changing climatic conditions, 
The Whitewater River flows into the Salton Sea, which recent years (but 
not within the memory Man), extended elevation above sea level. 
The present level the Salton Sea about 250 below sea level. While 
was its former level ft, the stream bed the Whitewater River was 
graded fit this condition; since the lowering the sea level, the stream 
accommodating itself the changed condition scouring its bed. This 
scouring almost imperceptible process because the long intervals 
between capital floods. such capital flood occurs the erosion pro- 
ceeds stream series cataracts. 

former years the Mojave River adapted its bed fit the conditions 
created the ancient Manix Lake into which flowed. This lake had 
surface area large enough evaporate more than five times the present mean 
annual flow the river. After the barrier that formed one side the lake 
was washed away, the water the lake escaped and scoured deep outlet. 
The stream still adapting its grade this new condition, and this case, 
also, slow because the infrequency capital floods. 

The physiographical balance débris cones delicate one. There 
ample proof that slow climatic changes (imperceptible from year year, but 
apparent over long periods time) are modifying this balance. Annual 
precipitation data are misleading. year well-distributed rainfall will 
move certain quantity débris and will deposit the water sinks into 
the cone. Another year equal rainfall, but torrential character for 
few days hours, will have far more devastating effect. 

Professor Ellsworth Huntington has given vivid description alluvial 
terraces proof climatic Similar evidences change are 


Engineering News-Record, December 21, 1933, 762. 


Colorado River William Kelly, Am. Soc. Transactions, 
Am, Soc. Vol. (1925), 322. 


“The Climatic Factor,” Huntington, Publication No. 192, Carnegie 
stitution, pp. 36. 
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noted the -various coastal streams Southern California. Changes 
stream-channel conditions, that can not attributed over-grazing, forest 
fires, any act Man have occurred within the memory man. 

The New Year’s Day, 1934, flood Pickens Canyon the Crescenta- 
Montrose area exposed evidence similar floods and canyon-side slumping 
previous years. one place, log about in. diameter, that had been 
buried long enough rot through, exposed. another place, flood had 
carried down oak tree and buried horizontal position. Its roots 
were buried and several sprouts came from the trunk. These sprouts had 
developed into trees large in. diameter before the last flood exposed 
their origin. The fact that some agency was instrumental building more 
than hundred check dams narrow bed-rock canyon would also indi- 
cate that some one with previous experience had recognized the danger from 
débris mud flows. 

The carrying capacity stream loaded with sand, gravel, and boulders 
may but when large quantity mud increases the specific 
gravity the conveying fluid, the carrying capacity tremendously increased. 
flood clear water sufficient force move some the boulders found 
the local débris cones inconceivable, but when there flow mud 
accompanying the flood one can easily account for the presence these 
boulders. 

Mr. Sonderegger has mentioned débris barriers above the canyon mouths 
means for preventing the débris from reaching the cone. The Haines 
Canyon débris basin, which was credited with such miraculous powers during 
the Crescenta-Montrose disaster, was simply gravel-pit the stream 
channel. Its lower end was closed with the waste sand from the screening 
plant. The confining wall had been lined with wire and rock protection and 
equipped with shallow flat spillway lined with concrete. All the storage 
capacity was below the original stream bed the outlet end. The excavation 
rock and gravel the upper end the pit had created drop more 


than the entrance the stream channel. When the flood occurred, 


the water that flowed over this loose alluvial bank soon cut new grade and 
deposited the eroded material the basin. This recession grade worked 
stream through several wire and rock check dams and was stopped just below 
the gauging station about mile stream. this point the grade was 
lowered about ft. The material eroded this section the stream ac- 
counted for most the débris deposited the basin. the barrier been 
erected above the stream bed, most this scouring would not have occurred, 
and there would have been more storage space for débris from the upper 
water-shed. such case, the dam and spillway would have the 
safest and most permanent construction. would probably cheaper 
the débris after each flood than construct such expensive works. 
This would depend the frequency débris-carrying floods. 

The high peak flow sec-ft per mile credited Haines 


Canyon“ was undoubtedly caused log jams the canyon backing the 
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water and suddenly giving way. That this flow was short duration 
proved the outflow through the spillway the débris basin. The area 
the Haines Canyon water-shed above the débris basin approximately 1.2 
miles, about one-half which was burned over. the critical section 
the spillway, the average depth water was 2.2 and the average width was 
ft. The concrete approach channel level, but just below critical 
section the crest there drop about ft. Computations based 
these data indicate that the outflow did not exceed 400 sec-ft. 

The area the Haines Canyon débris basin below the spillway level was 
not greater than 2.5 acres before the flood. During the flood débris cone 
was built the upper end the basin inflowing débris. The present area 
(1934) the high-water mark 1.9 acres. According eye witness, the 
water level the basin was 3.5 below the spillway level the time the peak 
flow arrived, that there was capacity about acre-ft for storage before 
overflow began. The float-well the Geological Survey gauging sta- 
tion silted during the peak flow. total acre-ft passed the gauging 
station during the three days preceding the peak. This value, less seepage 
losses, indication the original storage below the aforementioned 3.5-ft 
mark. Between the spillway level and the high-water mark there would have 
been about acre-ft storage while the peak outflow was occurring. the 
inflow was assumed sec-ft for only min. the outflow was 400 
sec-ft for the same period, the available storage would balance the flows. 

The same witness stated that the outflow continued for 2.5 hr. The inflow dur- 
ing this period could not have exceeded the outflow there was available stor- 
age for regulation. all the rain, falling burned-over area 300 
acres, rate in. per hr, became available run-off and one-fourth 
the same amount rain falling 400 acres brush-covered area joined it, 
one would have run-off figure consistent with the peak outflow computed 
previously herein. evident that the high peaks were caused the 
sudden release dammed water and that steps should taken prevent 
the recurrence such condition the future. 

The approach the spillway the Haines Canyon débris basin crossed 
railroad trestle for the operation the gravel pit. The trees carried 
down the flood partly blocked the approach and conceivable that the 
outlet might have been blocked completely trees and other drift, which 
the débris barrier would have failed, resulting enormous damage. 
The elimination similar hazards the proposed small débris basins will 
expensive unless the hazard eliminated the source. The saving 
transpiration losses from trees removed from stream bottoms would pay the 

cost removal. would not necessary remove all the 
tion could made and the trees with deep root systems and least water 
requirements, preserved for recreational purposes. Under the present policy 
the Forest Service closing most these similar areas recreational 
uses, direct contradiction the policy which this Service was established, 
would not necessary save even these few trees. 
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The maximum depth débris deposition the basin amounted about 
and was such mixture mud, sand, gravel, and boulders that there 
would have been little drainable void space for underground storage, especially 
near the outlet. the débris deposited behind barrier utilized for 
underground water storage would advisable provide some means 
passing mud during the flood. 

Article the author gives two examples the major 
Southern study these data and those other 
local streams would indicate that the grade the débris cone just below the 
mouth the canyon indication the flow, the steeper cones being below 
the mouths the streams lesser flow. These examples could used 
substantiation the argument Professor Huntington relating profiles 
débris cones relation stream flow.” 

Mr. Sonderegger clairvoyant describing the results dam failures 
débris cone (see paragraphs Article preceding “Rate Débris Produc- 
tion”). These paragraphs, written they were several months before the 
Crescenta-Montrose flood, are prophetic. Pickens Canyon, having the major 
water-shed (1.6 miles) the streams causing the damage, traverses region 
faulted and easily eroded rock. has built large débris cone below its 
mouth from previously eroded material. 

The main branch Pickens Canyon flows narrow trough, ranging 
from 100 deep. Before the flood was crossed with multitude 
wire and rock check dams averaging high. Most these dams were 
founded bed-rock bottom, very near it. The sides the canyon, for 
distance least mile above its mouth, are very precipitous, and the 
soil held place the large masses roots the oaks and other vegeta- 
tion. The trees the canyon bottom were not burned the fire preceding 
the flood. About mile above the mouth the canyon there are typical 
slides which accompany faulting along such streams Southern California. 
The bank material loose rock with large masses clayey earth. The rain- 
fall more than in. for the storm, saturated this material, causing 
slump into the stream, carrying trees, rocks, and earth into the canyon bot- 
tom, where the trees lodged and formed temporary dams, behind which the 
heavier débris lodged. There would have been débris flow from Pickens 
Canyon even the water-shed cover had not been burned. 

The check dams were washed out soon the confining wires were broken 
the erosive action the material the stream. The débris accumulated 
behind these check dams was added the slumped material and carried down 
the canyon. There was very little scouring the channel below the original 
bottom because the shallow fill above bed-rock. the mouth 
the canyon, the stream debouches steep débris cone built previous 
floods. The stream channel across this cone ‘above the highway was 
numerous check dams. These dams accumulated large masses 
débris before their failure, but when they failed, the channel was scoured 


Climatic Theory,” Huntington, Publication No. 192, Carnegie In- 
stitution, 83. 
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depths ranging from below the original bed. The hugh boulders 
deposited the residential area below the State highway were carried down 
from this débris cone and their presence the cone evidence similar 
but heavier floods the past, before there was any over-grazing forest 

The check dams that withstood the flood Haines Canyon, offer 
example what must have happened the check dams the various débris 
cones above Crescenta and Montrose. Unlike Pickens Canyon, Haines 
Canyon has broad flat débris-filled bed. The flood passing over the check 
dams Haines Canyon scoured the channel below the toe the dams and 
deposited the eroded material behind the next dam down stream. 

The check dams the Pickens Canyon débris cone remained intact long 
enough raise the stream bed and cause overflow the banks. Vast amounts 
débris were then diverted out the original channel. The culvert the 


State highway was well constructed that did not wash out. Its 


however, was reduced 6-ft boulder lodging its entrance, that most 
the débris coming down the channel passed over the highway, which acted 
spreading dam and spread the débris over broad area. 

The latest spreading works the Upper Santa Ana River are designed 
by-pass the silt back into the active channel, where the stream will have flow 
diminished the amount absorption above. This action will tend 
increase the silt load ,beyond normal conditions. When the stream reaches 
the absorptive area the lower river any further absorption will raise the 
stream bed the deposition this silt. necessary, spreading works 
are maintained their maximum efficiency such stream channels, 
that large flows permitted pass through them intervals, order that 
the silt may scoured out, even large flows may escape into the ocean. 
Professional conservationists, their desire impress the taxpayer with the 
importance their endeavors, frequently cite this “large waste water into 
the ocean” the argument for more extensive works preserve this water, 
even the cost the works outweighs the value the water thus escaping. 
They fail take account Nature’s laws and unwittingly accelerate the 
overthrowing the physiographical balance. 


his thesis the theory that the physiographical factors combine produce 
balance. Such general statement may well challenged. 

Nature herself seldom remains quiescent long enough permit the estab- 
lishment anything like permanent even gradually changing balance 
these factors. She builds consistently for few years and then with wild 
abandon utterly wrecks her handiwork. Man’s efforts are puny 
yet conceited that likes believe that his the mighty hand. 

One factor man’s command the construction dams. Another the 
straightening stream channels, may remove timber, cultivate lands, 


divert water for power and irrigation, and graze stock. Beyond these, his 


“Cons. Hydr. Engr. (Stevens Koon), Portland, Ore. 
Received the Secretary April 1934. 
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efforts are futile. Even his control haphazard and uncertain, because 
his highest dams fail and his diversions get out control, witness the St. 
Francis Dam failure and the flooding the Imperial Valley the Colorado 
River. cannot control, the slightest degree, rains, frost, winds, tides, 
landslides, earthquakes, fire, and vuleanism. Nature buffets him mercilessly 
with these forces. 

Man’s works are temporary. Left without persistent and painstaking 
maintenance and repair, they soon become mere ruins, failing utterly their 
intended purpose. forces never rest. These are such platitudes, 
almost waste space recount them; yet, the face these facts, 
how can any one conceive physiographical balance “that undergoes only 
gradual changes” 

Was the Gros Ventre landslide (Wyoming), that put dam Gros Ventre 
River 1000 high and, later, wrecked the entire landscape below it, gradual 
change? Are the rather frequent Southern California floods cauzed foot 
more rainfall day factors for gradual changes? fair con- 
sistent, rational, assign the burning scattered growth chaparral 
cause? so, what about the recent unprecedented floods the Pacific 
Northwest from the most heavily forested areas this The changes 
effected were not gradual, but sudden and mighty. What about the Yellow 
River China that, during the flood 1851, suddenly left its channel, 
inundated empire spite elaborate works man, snuffed out million 
lives, and found new outlet the sea 500 miles the north? The entire 
physiographical complexion China thus suddenly changed every few 
generations. There balance. 

protracted wind storm few years ago laid low thousands acres 

standing timber Oregon. more ruthless destruction, man, with all his 
machinery and ingenuity, has not equalled. the summer 1933 forest 
fire the west slope the Coast Range Oregon destroyed enormous 
area heavy virgin timber. That fire was carelessly set man; yet, through- 
out the Northwest are untold acres similarly destroyed fire from lightning 
before man’s occupancy. 
These few examples illustrate the impotency man’s control and raise 
serious doubt whether any permanent relief can predicated theory 
that there physiographical balance Nature’s factors. seems that the 
author’s physiographical balance only Nature’s quiescence between upheavals. 
Erosion has come claim the attention scientists, pseudo-scientists, 
men,” and politicians. struggle for the control the grazing areas 
the public domain has invaded Congress. Who gets that control has funds, 
personnel, jobs, influence. Propaganda waves, broadcast speeches, radio, 
articles scientific and lay journals, and newspapers, points the same 
thing, “unprecedented and accelerated erosion due over-grazing.” 

The writer believes National control grazing and forested areas, 
but not for the reasons often assigned. Control forest areas perpetuate 

supply and for recreational purposes reason enough. The water- 
conserving properties are insignificant, unimportant, and enormously exag- 
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gerated. grazing areas for maintenance stock feed affords 
abundant reasons why should exercised. grazing areas are con- 
trolled for that purpose the erosion feature will cared for automatically. 

Erosion does not result from the mere removal timber the mere graz- 
ing animals. results from the cultural works man. trails, and 
logways, are incipient causes erosion. Field cultivation another. 
grazing areas erosion occurs places animal concentrations, such water- 
holes, trails, and feeding and bedding grounds. both forested and grazing 
areas. such incipient erosion can eliminated only far these cultural 
activities can eliminated effectively controlled. 

The heartily with the author that temporary débris barriers, 


silt dams, flood channels, and works for erosion control non-permanent 


materials are almost worse than none. fail, they surely will, 
without well planned and well financed maintenance expenditures, the results 
are more disastrous than they had never been constructed. 
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MODEL CALDERWOOD ARCH DAM 


Discussion 


Am. Soo. (by care with which these 
tests were conducted, has produced results that deserve the attention the 
profession. The writer has called attention,” general way, the principal 
uncertainties attending the analysis arch dam, and these uncertainties 
seem confirmed, once more, the tests and conclusions described this 
paper. 
The trouble neither with the designer, nor his method analysis; but 
with the assumptions compelled make, and which knows are not 
correct. Indeed, some the assumptions are entirely contrary the laws 
equilibrium. Consequently, the results analysis, including the 
uncertainties that creep questionable assumptions, render them 
illusory, great extent. 

The paper concerned with measurements the deformation rubber 
litharge model Calderwood Dam, caused hydrostatic pressure. From 
these measurements the authors reach the conclusion that the stresses that 
actually occur arch dams are not the same those determined theory. 
The writer agreement with this conclusion. One the reasons for this 
difference that theory takes temperature effects into consideration, which 
cannot measured tests, because they not deform the structure. 

Every engineer knows that the stresses caused temperature change 
arch dam are often more important than those due the hydrostatic pressure. 
Dams are exposed the most sudden and violent changes temperature, and 
this fact due their location. For example, mountainous region, 
dams are usually built, sudden and important temperature change 
can occur almost over-night. Then the dam will have its down-stream face ex- 
the surrounding the air, whereas its up-stream face 
contact with body water the temperature which quite different 


Proceedings, follows: ‘April, 1934, Messrs. Simonds and Lars Jorgensen. 
Received the Secretary March 1934. 
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from that the air. other words, while the up-stream face the dam has 
temperature about 32° the down-stream face may have temperature 
of, say, 20° Every engineer can realize the unfavorable condition 
which concrete structure subjected, when such temperature drops occur 
(as they often do). 

Furthermore, the law temperature transmission, large masses con- 
crete, not known, and this adds still more uncertainty the analysis 


stresses. Assume, for example, that the temperature the same 


for the entire structure, and that known. Although this assumption 


almost certain never occur, will made here, simplify the 


Let the change temperature the extrados and that 
intrados the elemental arch further simplification, assume 
that the law transmission temperature from the intrados the extrados, 
vice versa, linear one. (The latter assumption known 
rect applied large masses concrete.) 

The static effect caused change temperature may considered the 
the intrados. Assume that both and represent 
increase and that Let AB, Fig. 14, the elemental arch 
dam, and CDEF (Fig. 15), voussoir it. End were free, Section 


15. 
x 


take the position, after the arch expands, because CC, 
and FE, As. This total deformation consists displacement 

the section, CE, and being parallel (caused the 


The first deformation would cause displacement (Fig. 14) 


the left, amount equal to; 
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However, End the arch fixed and, therefore, there will reaction 
that abutment the same nature that caused the hydrostatic pres- 
sure. other words, since Point will not rotate, the reaction that abut- 
ment will act along the X-axis and the right (Point being the elastic 


center the arch). The value that reaction will be, which, 


z 


after some substitutions and transformations, becomes: 


which, all the letters have the usual meanings, and, 


the second part the deformation, observed that 
End were free, then it, together with the elastic center, (assumed 
rigidly connected with A), would rotate through angle given Equa- 
tion (4), when that equation extended the entire arch, that is: 


the same time, Center would displaced direction, the com- 
ponents which, along the and Y-axes, respectively, are: 


and, 


Since constant for the entire arch, the center gravity the arch 
will coincide with the elastic center, (center gravity the elastic weights 
the entire arch). fact, the elastic weight element the arch 


proportional ds; and the two centers gravity the arch will coincide. 
Because this fact, Equations (5) and (6) will give: 


and, 


Equation (8) reveals that, during the second part the deformation 
the arch (Fig. 15), End were not fixed, would rotate about the 
elastic center, However, End fixed and, therefore, will develop 
which, according the theory the ellipse elasticity, will 
force infinitely small and infinitely far from Abutment that is, couple, 
Since, according the theory the ellipse elasticity, always 
equal the rotation will given by: 
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the presence Equation (4), with constant: 


Thus far, this discussion has been concerned with analysis stresses 
due temperature change applies the conclusions offered Messrs. 


Karpov and Templin. consider the nature the deformation caused 


the foregoing temperature stresses. 

stated previously, the effect upon the dam that part change 
temperature, which has been considered uniform (to Fig. 15), 
perfectly similar the effect upon the dam caused hydrostatic pressure. 
the latter case, the unit shortening the geometrical axis the arch 


case uniform change temperature, the same axis will translated 
unit distance, caused fo. 


Therefore, the equation for the deflection the crown the elemental 
arch the dam, caused hydrostatic pressure, 


and substituted for the final result will be: 


which the formula for the vertical deflection the crown the arch, caused 
the uniform change temperature. 

For the second part the deformation (to Fig. 15), the deflection 
the crown the arch zero. fact, imagining, again, that End 
the arch free, the two sections, and (Fig. 15), would rotate, with 

respect each other, angle, given Equation (4); but 
End fixed, which creates couple that acts upon every element the 
arch; and the value its moment given Equation (10): Furthermore, 
the rotation the two sections, and DF, given by: 


expression coincides with Equation (4), and demonstrates that the 
elastic deformation caused the reaction End equal and opposite 


the thermal deformation. This fact very important because demonstrates 
that, although stresses are developed, the geometrical axis the arch does not 
deform. 

Obviously, models are useless for the determination these last stresses; 
the other hand, while theory shows that those stresses may very im- 
portant, the assumptions upon which the theory based are known 
uncertain. first, this phenomenon may appear inconsistent; but cube 
concrete imagined held firmly between the plates compression 
machine, and some means the temperature the cube increased, the 
concrete then known subjected considerable compression, whereas 
its height not changed. 

their conclusions, the authors have given additional warning the 


profession; and they have made worthy contribution the literature 
dams. 
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HEAD ACTIVATED SLUDGE 
AERATION CHANNELS 


Discussion 


Henry (by the first publication tests 
the loss head aerated channels carrying activated sludge, that has 
come the Such tests aid the selection economical 
channel sizes and are particularly helpful the design aerated in- 
fluent channel for large battery tanks, that equal division the flow 
may assured among the tank units with minimum amount regulation 
the inlet gates. 

The scarcity data the subject can attributed several reasons. 
The activated sludge process relatively new; large plants are few; and, 
consequently, there lack data many special problems design. 
The head losses occasioned aeration constitute only small part those 
occurring plant whole. major importance are the losses tank 
inlets and exits, through meters and bends, passing over weirs, and the 
conduits between the several stages involved the complete treatment 
the sewage. 

The designer may 100% error estimating the additional friction 
flow due aeration, but the hydraulic capacity the plant will approxi- 
mately originally intended. Consequently, the need experiment may not 
have been fully If, however, was, the fact remains that the 
aeration channels activated sludge plant are not rule very suitable 
for experiments. The velocities are low, the distances are short through 
which uniform flow obtains, and, consequently, the head are slight 
make precise measurement difficult, inasmuch measurements are 
required where the flow disturbed numerous rising air bubbles and where 
the variation the porosity the diffuser plates may result greater dis- 
turbance near one gauge than another. However, the writer believes that 
tests can made secure worth while results. 


paper Darwin Wadsworth Townsend, Am. Soc. E., was pub- 
lished January, 1934, Proceedings. Discussion this paper has appeared Proceed- 
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would have been interest Mr. Townsend had given description 
the procedure followed making the tests Milwaukee. Perhaps the 
floats would have been less disturbed pulsations the upturned entrances 
the pipe connections the float-tubes had been lower down the channel 
than shown Fig. The weight the liquid the bottom the chan- 
nel remains constant regardless the volume entrained air. elevation 
some distance above the bottom, the volume air the mixture increases, 
greater proportion the weight the liquid lifted above this elevation 
and, consequence, the pressure here increases. Therefore, one would 
presume that the nearer the entrances the piezometer piping the bottom 
the channel the less the magnitude the pulsations the float-tubes, 
due variations the volume air the mixture. 

The following procedure suggested for making tests that involve rela- 
tively small losses, such Mr. Townsend had Milwaukee (0.02 0.03 ft). 
Care should first taken determine the inherént errors the gauges and, 
before each test, they should checked with the channel standing quiescent 
the normal depth flow. Then, the air should turned the rate 
used during the test and the effect aeration zero velocity noted 
the gauges. The flow should then started and maintained constant 
rate for some time while the losses are recorded first with the air and then 
with the air off. The difference head loss for these two conditions flow 
would, course, that due aeration. 

1931, the North Side Sewage Treatment Works, The Sanitary 
District Chicago, head-loss tests were made return sludge aeration 
channel, wide, with vertical walls. the bottom, the center line, 
was one longitudinal row diffuser plates (12 in.), boxes, in. 
wide, from which the bottom sloped upward 45° meet the channel 
The return sludge flowed depths between and above the plates. The 
hydraulic radius was approximately 1.4 and the rate aeration, 1.4 
free air per min per lin channel. The test was made over length 
410 ft, which the flow increased five equal increments, each introduced 
from two pipes right angles the longitudinal axis the channel about 
in. above the surface and intervals about ft. For 20000000 gal per 
day the velocity varied from 2.25 per sec, and the surface drop for the 
entire distance was 0.42 ft. Making allowances for head losses due the falls 
incoming sludge, accordance with the method devised Julian Hinds, 
Am. E., for side channel the value the Kutter 
formula was computed 0.034, more than twice the value for the same 
sludge closed conduit. This friction coefficient seemed high. de- 
termine whether this was due the use air, another test was made for 
total quantity 20000000 gal per day. Stable flow was maintained while 
measurements were repeated several times, with the air alternately and off. 

The results showed average surface drop 0.42 with aeration and 
0.41 without it. This test indicated that aeration had but slight effect 
head loss this particular case. Hence, the high loss must have been caused 
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the obstructions presented within the channel itself through the presence 
the air pipes and the disturbances caused the downward discharge the 
pairs incoming sludge pipes. Although the channel was far from ideal 
for the purpose determining accurately the effect aeration head loss, 
the writer inclined believe, from the results obtained, that the effect may 
relatively small when compared the losses that occur without the presence 
aeration. 


that engineers engaged the design and operation hydraulic works are 
seeking and finding information concerning hydraulic coefficients, either 
re-assure themselves the work the early investigators, find applica- 
tions for new conditions, presented the tests performed Milwaukee, 
Wis., and described this paper. 

Many the empirical data upon which design to-day based, had their 
beginning, generally known, the middle the Eighteenth Century 
(Brahms, 1753; Brahms and Chezy, author the well-known formula, 
RS, 1775), and many the coefficients often accepted engi- 
neers the present time, without much concern their limitations 
applicability modern materials, were developed Ganguillet and Kutter 
and others, the latter part the Nineteenth Century. the course the 
translations the work Ganguillet and Kutter, additional important con- 
tributions were made the hydraulic literature the subject frictional 
coefficients the various translators. Probably outstanding contribution 
since the beginning the Twentieth Century, can found the work 
Hazen and Williams, the development their formula, now well known, 
for the determination flow pipes, together with the publication their 
tables presenting frictional coefficients and head losses. 

the water-works field particularly, the comparatively recent introduction 
new material (bituminous and cement coatings for steel and cast-iron pipes, 
used both for protection against corrosion and for increasing the carrying 
capacity providing smoother interior surface; the greater use concrete 
pipe; and the recent introduction the United States such new pipe- 
manufacturing methods and materials centrifugally spun cast-iron pipes, 
modern steel and concrete pipe, and pipe cement and asbestos compound) 
has created keen interest among engineers the question coefficients 
flow and their interpretation capacity. 

The technical literature other countries, particularly Great Britain, 
also discloses that the relatively recent departure pipe lining from the 
original practice merely dipping cast-iron steel pipes coal-tar and 
linseed-oil preparation, directing considerable interest among European 
engineers the necessity obtaining formula for the discharge these 


types pipe. the opinion that without such formula not 


feasible with certainty watch the rate which discharge diminishing, 
since common datum available which base later results. 
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More information, too, now sought not only carrying capacities 
conduits these materials when new, but also the relative ability 
maintain initial carrying capacities and their rates reduction, under 
various conditions usage. 

While engineers who have the facilities and hand for 
making these tests are engaged upon such work, would seem highly desirable 
extend into examination conditions flow which not only 
water concerned, but,in which water intimate physical combination 
with other substances, such air, the case aeration channels, sludge, 
the case sludge force mains. Furthermore, conditions about sewage 
treatment plants present many cases varied unsteady flow, even where 
sewage alone concerned. Instances test data for head losses under such 
conditions, are not many, and organized attempt obtain and correlate 
mass data this kind would prove value designing engineers. 

The tests described Mr. Townsend indicate that head losses occur 
extent probably not before fully realized, and must considered the 
design channels the type described. unfortunate that the tests had 
made comparatively short length channel (the length being 
limited only 123.34 ft), because, stated the paper, the range pulsa- 
tion the recorders was from three four and one-half times the loss head 
over the section. view this condition, difficult, immediately, 
accept the conclusion that the “final results stated the paper are sufficiently 
the side safety warrant confidence their subsequent use.” The like- 
lihood finding aeration channels considerable length for testing purposes, 
probably very limited, however. 

noted that the value the slope used for computations Kutter’s 
formula, was that the water surface determined from the depth recorders 
established each station. open channel the type described, 
likely that disturbances introduced the injection compressed air, 
atmospheric disturbances, irregularities the channel and the diffuser 
plates, may have resulted different depths flow and, consequently, 
different velocities each the observation stations. that event the 
slope the energy gradient, instead the water surface, would result, 
course, more accurate determinations. The actual effect upon the value 
determined, however, can not known without the information 
required compute the energy gradients each station. 

other tests this nature should undertaken, would value 
know what the temperature conditions and atmospheric pressures are during 
the time test, these conditions may influence air-bubble coalescence 
which, the author described, has important bearing the resistance 
flow. open channels the type used the Milwaukee test, some resistance 
flow must certainly created wind resistance the water surface 
exposed the atmosphere. tests performed upon large sewers flowing 
partly full, the writer has found that values are somewhat higher (due, 
believed, “air resistance” the surface) than when flowing full 
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full. Observations the direction and intensity wind during tests, 
therefore, might some value comparisons test data. 

“Before-and after” tests—that is, determinations head loss -with and 
without aeration—are important order that the effect the latter may 
fully The author has apparently obtained such information, 
gives the value 0.013 for the channel with non-aerated sewage, 
although not clear whether this value has been determined from tests 
with diffuser plates position, whether assumed condition. 

Information surface and bottom velocities, well mean 
velocities and their inter-relation, would perhaps help determine what extent 
the flow varied from flow, and, also, what sections depth the 
greatest disturbances occur. 

The varying value with varying velocities, reported the 
author (that is, 0.03 velocity 1.3 per sec, with 0.23 
velocity approaches zero), indicates, course, that the condition resistance 
flow denoted “internal” Nature; that is, more nearly 
represents state the contained liquid under varying conditions, than 
condition the channel itself, with which Kutter’s usually associated. 
While the author brings out the fact that for the purpose his paper, the 
subject treated from the viewpoint increased roughness coefficient, 
assuming the flowing medium possess the hydraulic properties water 
alone, would appear interest and along the methods often adopted esti- 
mating transition losses, learn whether not head losses for flow 
air and sewage mixture could not more practically expressed 
terms “percentage loss head for clear water.” Expressed these terms, 
there may the further advantage eliminating the use varying 
coefficient. 

There another explanation, however, that might made connection 
with the author’s conclusion that the coefficient roughness, increases 
the velocity decreases. 

reference Fig. will observed that the channel which the 
tests were performed composed two different materials, namely, the sides 
conerete and the bottom combination concrete and diffuser plates. 
other words, the bottom and sides the channel are different degrees 
roughness; the roughness coefficients for the channel bottom and sides have 
different values. 

Robert Horton, Am. Soe. E., this condition “com- 
posite” roughness. According Mr. Horton, 


“The value Kutter’s Manning’s applicable the sides such 
channel may designated and that applicable the bottom The 
value derived from experiments such channel may designated 
the ‘equivalent’ roughness. channel had degree roughness correspond- 
ing throughout its entire cross-section, would give the same discharge 


velocity the actual experimental channel the same depth and 


News-Record, November 30, 1933. 
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Mr. Horton further established the fact that value equivalent rough- 
ness (assuming, course, constant “internal” characteristics the flowing 
liquid) derived from experiments given channel really applicable 
single depth. other words, the roughness the bottom not the same 
that the channel sides, the equivalent value varies with the depth. 

formula suggested Mr. Horton for determining the value 
plicable channels with two degrees roughness, follows: 


which, ratio depth flow channel bottom width. 

evident from the foregoing, the composite will vary with that 

the absence more specific observational test data, not possible 
state whether the results obtained Mr. Townsend would agree fully with 
Equation (3). The original observations may contain sufficient data 
make possible the computation from this equation (assuming 
equal 0.013.) Having computed for given value and would 
then simple matter substitute Equation (3) the value thus 
obtained, and with different observed value compute the value the 
composite Comparison the value thus computed with that reported 
for specific velocity, might establish whether not the relation implied 
the Horton formula holds the case aeration channels. 


The author commended for his work and method presenting 
results. particular interest the presentation the “cause and effect” 
theories. His efforts will undoubtedly result directing attention this 
phase sewage flow and should encourage others investigate and publish 
their results for the benefit all engaged the design sewage works. 
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Discussion 


SHERMAN, MERRILL BERNARD, CLIFFORD SEAVER, 
AND JOSE GARCIA MONTES, JR. 


analyzed the rainfall data probability methods, based the frequency 
curves Karl Pearson. details this analysis are presented, may 
helpful engineers who are unfamiliar with these methods state that 
the subject was treated, 1924, the and, 1927, Good- 

applying the frequency curve method, the author states that “the 
skew appears vary from 1.56 3.02, with average value 
2.22.” Fig. was plotted, using the average coefficient skew, 2.22, for 
all the curves. apparent from inspection Fig. that this average 
value not suitable for all the curves. not surprising, therefore, that 
the probability method used Mr. Bleich gives results that differ from the 
actual data more than those obtained means the exponential method 
(Fig. Equation (5)). 

The author states that “it desirable harmonize all the data given 
Table showing relation between and submits Equation (8) 
summary these data. his conclusions states that “Equation (8) 
does not appear sufficiently close the observations warrant its use 
for all kinds storms.” generalized empirical formula dangerous tool 
use any case, unless its limitations are well understood. would seem 
unwise, therefore, publish new rainfall formula that admittedly un- 
reliable even when applied its basic data. 


paper Bleich, was published February, 1934, Proceedings. 
This discussion printed Proceedin order that the views expressed may brought 
before all members for further 
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graphical method for analyzing similar data “Straight Line Plotting 
Skew Frequency Data,” Goodrich, Am. Transactions, Am. Soc. 
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The rainfall records given Tables and are well prepared, and 
value the profession. The formulas Table should also useful 
guide for engineers studying problems storm run-off this part 
the United States. 


Jr., (by interesting and important correla- 
tion between the duration and intensities New York storms developed 
this paper. The author has spared labor comparing the results ob- 
tained the use various methods analysis, and finds that his formula 
gives better representation the observed data.than others that considers, 

One question left open, however, which merits consideration: What 
are the values that any formula expected give? The observed data repre- 
sent set events that have occurred the past and that almost certainly 
will never occur again the form once observed. The fact that empirical 
formula gives, closely, the values observed set events does not mean 
that will fit closely future set. not surprising that the author 
finds that the values obtained from his modified exponential formula agree more 
closely with observed than those obtained the probability method, 
has determined the constants his formula the method least 
squares give just such agreement. 

Mr. Bleich regards the probability method alternate the solution 
this problem. The method not alternative, however, but rather comple- 
mentary any method used. The correlation required this particular 
problem between members small set culled from large group 
events. Such local set cannot treated independently; belongs the 
whole group, and only part the whole group that one may make 
assertions about it. 

The probability method gives information about the entire group events. 
For instance, involves all the available information regarding the 30-min 


-duration intensities, and then indicates how, the long run, these inten- 


sities will distributed. does not fit the record locally; fits 
whole. The past 62-yr record deviates from the probability curve, and will 
the future record; but the probability curve furnishes norm about which 
any record the phenomenon question will fluctuate. 

glance Fig. shows that, locally, the duration curves deviate from 
the probable norm much the same manner. That the deviations should 
uniform not surprising when one remembers that the grouping the 
durations into the various classes great extent artificial, and that these 
various classes really blend into each other. the other hand, this uniform 
deviation may taken mean that the actual distribution intensities 
not the one given the probable norm, but rather some other curve which 
should fit the observed data more closely—only the observations the next 
few hundred years will give answer this question. However, likely 
that this deviation characteristic the current meteorological period more 
than the long-term distribution intensities. 


Asst. Prof. Eng. Mechanics, Rutgers Univ., New Brunswick, 
Received the Secretary March 
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these contentions are correct, the constants the modified exponential 
formula should computed, not from the observed data, but from the modi- 
fied values given the probability method, because the determination the 
constants directly from the data makes use only few isolated observations. 


Rainfall Inches Hour 


(a) Probability Curves 


Number of Storms per 100 Years 


Duration of Storm in Minutes 


Fie. 6.—Curves SHOWING THAT, ALL FROM 
PROBABLE MUCH THE SAME MANNER. 

does not any way take into account the distribution other intensities, 

whereas the values adjusted the probability method result from taking 

into account the entire observed set. 

Fig. 6(a) gives the probability curves for the various durations carried 
out frequency storms 100 yr. These curves are the same 
those Fig The slight modifications result from the fact that the writer 
has used the true coefficient skew for each curve instead the author’s 
constant value 2.22. Fig 6(b) gives three curves constant frequency 
obtained from the curves Fig 6(a), together with two Mr. Bleich’s modi- 
fied exponential curves. seen that the 50-yr storm curve would greatly 
modified the suggestion made this discussion. The curves have been 
plotted ordinary co-ordinate paper that they may their true 
relation each other. 


been greatly disappointed Mr. Bleich’s paper. cannot but feel that the 
author has failed analyze thoroughly the records the automatic rain- 
gauge, which has been longest use any the United States, and 
derive results that will real value. especially discouraging find 
that, apparently, Mr. Bleich has not even utilized all the data 


Engr. (Metcalf Eddy), Boston, Mass. 
Received the Secretary March 1934. 
Engineering News, 1916, pp. 76, and 594. 
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Hufeland 1916, and that, for years later than 1913, has contented 
himself with the incomplete data published the Weather Bureau, 
instead compiling adequate data from the original chart records. 

the circumstances, the writer will content himself with brief 
statement the principal points which feels that Mr. Bleich’s paper 
open criticism: 


description the gauge and its exposure, and there 
reference any other source from which such information can obtained. 
Neither there any comparison records from this gauge and other gauges 
the vicinity indicate the accuracy the record. 

records precipitation for periods between and min, 
between and 120 min, are given, nor are there any for durations exceeding 
120 min. 

indication that the author has given any consideration 
what the writer has called the “Extended Duration Principle.” quite 
possible that considerably larger number records storms comparative 
long duration than the author has utilized, would have been obtained the 
application this principle. 

does not appear logical that the constant, Equation (5), should 
vary from for storms 1-yr frequency, 4201 for storms 50-yr 
frequency; nor that the exponent, the same formula should vary between 
0.795 and 1.513. 


his own studies rainfall intensity and frequency Boston, Mass., 
the writer found” that varied according mathematical law from 16.0 
for 1-yr frequency 45.9 for 50-yr frequency; and that and were con- 
stant. Similar results, although with other values the constants, were 
for Detroit, Mich., Milton Wagnitz, Am. E., and 
Lewis Wilcoxen, Assoc. Am. Soc. 

Equation (8) similar form that used the writer and Messrs. 
Wagnitz and Apparently, Mr. Bleich has not much confidence 
it; but the writer suspects that the analysis the records had been more 
detailed, suggested the preceding Comments (2) and (3), considerable 
justification for Equation (8), one similar it, would have been found. 

comparison this formlula with those devised for Detroit, and for 
Boston, follows: 


Place Formula Derived by: 


Transactions, Am. Soc. E., Vol. (1931), 953. 
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5.—Mr. Bleich has made mention previous papers rainfall inten- 
sity indicated the Central Park gauge, except that Mr. 
The data and discussions the reports the Committee Rainfall and 
Run-Off the Municipal Engineers the City New York, published 
and 1922, are worthy consideration and comment, are also com- 
the late Kenneth Allen, Am. Soc. E., 1921, and again 
Mr. Allen’s formulas are the same general form those Mr. 
Bleich, given Table but the constants given Mr. Allen differ from 
those presented Mr. Bleich much more than would expected the 
result including ten years additional records. would seem that some 
statement regarding the earlier studies and explanation for the different 
results obtained would order. 


rainfall intensity data.. Mr. Bleich has accomplished the task fitting curves, 
accurately, plotted points and developing the mathematical expression for 
the curves; but can the formulas for the 25-year storm and the 50-year storm 
the permanent relationship rainfall rate and duration? 
the next years record reproduce the same curve group? When sta- 
tion has reached years record, will not several the present maximum 
values remain unexceeded? Furthermore, not probable that the next 
years the record will contribute number values which will fall within 
the unusual interval between the author’s 10-year and 25-year thereby 
affecting the position the higher frequency curves? What the climato- 
logical cycle, years, necessary spanned single station record, 
order make that record dependable basis for the upper frequency values? 
How accurately does the composite record fulfill the purpose the single 
station record? 

The writer believes that the formula types, reciprocal and exponential, 
serve two distinct purposes, the former more accurately representing the 
paratively short periods continuous downpour and the latter the average 
intermittent rainfall for the longer durations. His opinion that, 
because paucity single-station records adequate length, covering 
duration periods less than hr, the Meyer properly 
interpolated geographically, could accepted the best available expression 
rainfall intensity for such duration periods. That New York City could 
have adopted them without material error shown subsequently. 

The rainfall intensity formula for New York City, taken from the writer’s 
and designed for durations from 120 min days, is, 

News-Record, 1921, Vol. 86, 588. 

Transactions, Am. Soc. Vol. LXXXV (1922), 119. 

Cons. Civ. Engr. (Bernard Engrs., Inc.), Crowley, La. 
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j 
q 
| 
| 
| 


May, BERNARD RAINFALL STUDIES FOR NEW YORK, 


which, the frequency, years, and the duration rainfall exceeding 
hr, minutes. conform with Mr. Bleich’s notation the writer’s 
given Rg, the average rainfall intensity, inches per hour. 

should noted that Equation (9) developed through researches which 
have utilized the theory that composite record several stations within 
limited area may taken single-station record having length equal 
the sum their station-years. 

the formula modified the inclusion additive factor its 
denominator, can brought into general form that expresses rainfall 
rate terms any duration, from min several days, and for any 
frequency. This factor seems function frequency, and expressing 
thus, the formula for New York City becomes, 


Fig. comparison the resulting curve-group and the plotted curves 


Mr. Bleich’s study. 


| Plotted Curves 
20 


> 


Rate of Rainfall in Inches per Hour 


Duration Minutes, 


900 


Table gives the average deviation, percentage, the computed 
values from the observed values for the 1-year, 2-year, 5-year, and 10-year 
storms, and for durations 120 Mr. Bleich’s modified exponen- 
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tial formulas, the writer’s formula for New York City, and the Meyer 
formulas, which the factors are given the average the Group and 
Group values.” 


TABLE AVERAGE DEVIATION FROM OBSERVED VALUES FOR 


DEVIATION FROM OBSERVED VALUES, 


Storm 
Author’s modified Meyer’s reciprocal 
exponential formulas Equation (10) formulas 

2.29 5.79 3.40 


The writer has sacrificed little curve and point agreement maintain 
the general form his equation. more general form suggesting itself is, 


which, and are coefficients and and are exponents, all depending 
for value locality. Such formula would permit the use the rainfall 
intensity charts for all duration periods. 


service has been performed bringing the analysis Central Park rainfall 
records date. The preparation paper this character involves 
vast amount labor, which has apparently been conscientiously done, and, 
except for few doubtful figures Table there reason believe that 
the resulting curves are close approximation the available data. The 
logarithmic method analysis particularly interesting. Table eliminates 
many inconsistencies previously published data, but there are still incon- 
sistent intensities the storms August 15, 1869, and August 16, 1876. 
1912 and two sets data are available; that is, Mr. Hufeland’s data 
and Weather Bureau data. The author has used Mr. Hufeland’s data 
1912, and, except for the storm July 1913, the Weather Bureau data 
1913 and subsequent years. 

1921, engineers the Board Estimate and Apportionment the 
City New York computed set rainfall curves based Central Park 
gaugings through 1920. The curves which would used sewer design 
had the following equations: 


15-Year Storm: 
R 


Board Estimate and Apportionment, City New York, Office the 
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10-Year Storm: 


5-Year Storm: 

(t 

was the intention use the equation for the 15-year storm for the most 
highly developed areas, and those for the 10-year and 5-year storms for partly 
developed territory. The writer had part preparing these curves and does 
not know how much mathematical refinement was used fitting them 
the data, but interesting note that Equations (12), (13), and 
the “modified exponential (Equation (5)) found the author 
fit his data best. 

For given frequency, the curves developed the Board Estimate and 
Apportionment are somewhat lighter than those proposed the author, the 
Board’s 10-year storm being approximately equal the author’s 5-year storm. 
This due, primarily, different conception frequency, rather than 
any marked change the data since 1920. The Board’s engineers defined 
5-year storm one which, over 50-year period, would not equalled dur- 
ing 40, exceeded during 41, those years. They placed limits the 
number intensity the cloudbursts that might expected during the re- 
maining nine years. 

With this conception frequency, little difficult define 1-year 
storm, and, for this reason, the writer inclined favor the author’s defini- 
tion being more general application. 

The use set rainfall curves, each curve applicable different 
degree development, never found much favor with the engineers the 
Borough Sewer Bureaus. the present time (1934), each Borough 
the City New York has its own rainfall curve, selected its own engi- 
neers, and applicable all parts that Borough. 

fact sometimes forgotten those using rainfall curves that they are 
‘of temporary nature and must revised from time time, they are 
remain reasonably accurate view all existing data. illustrate this 
point, the writer has prepared two diagrams, which might described 
“life histories” the author’s and 10-year rainfall curves. Fig. 8(a) shows 
yearly changes the data for the author’s 5-year storm, assuming them 


computed the end each calendar year, and Fig. 8(b) the correspond- 


ing diagram for the 10-year storm; the curve labels are the durations. 

During early years, the curves are the shortness the record 
and the unusually severe storm 1878. Most the curves reached their low 
point the decade, 1890-1900, and, since then, have shown irregular 
upward trend which may still progress, although the curves have been 
reasonably stable since extended each year, set curves this 
kind can kept date with little labor, and will give prompt notice 
any great changes the data, which would require revision the rainfall 
curve. 
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1910, one would have said that reliable 5-year rainfall curve could 
obtained from 42-year record; yet, such curve had been computed 
that year, would have been badly need revision 1913, changes 
the data were nearly great the difference between the author’s 5-year 
and 10-year curves. Fig. shows that the author’s curves, computed from 
the 1930 data, are still essentially correct, changes the data during the 
last three years have been small. 


Year Year 


CuRVES SHOWING YEARLY CHANGES 


his “Synopsis,” the author recommends the modified type 
equation “for use New York City, and, when properly adjusted 
tial” equation. Equations (1) and (3), therefore, are merely special cases 
the general type embodied Equation (5). course, this type equation 
can adapted considerable range data, but there nothing Mr. 
Bleich’s paper show that the author has ever attempted fit his equations 
rainfall data outside New York City. conceivable that rainfall data 
for some cities might plot form similar the data for the author’s 
25-year 50-year storms. The equations for these storms not fit the data 
very closely, and probable that, for data this character, more com- 
plicated equation would required. Mr. Bleich’s recommendation, there- 
fore, should accepted with some reservations. 

The author has proposed set rainfall curves for New York City. 
not entirely clear whether means Greater New York, merely the Borough 
Manhattan. the former, there some question whether rainfall 
deduced from Central Park records would not too severe for some the 


8.0 
FIVE-YEAR STORMS (6) TEN-YEAR STORMS 
q 


1940 


5 


May, 1984 SEAVER RAINFALL FOR NEW YORK, 


outlying sections. peculiar fact, but local conditions seem exist, 
that make some parts the city wetter than others.. 

Committee Sewer Capacity, authorized the Board Estimate and 
Apportionment the City New York 1932, secured rainfall records 
experimental area the Borough Brooklyn from 1925 1929 and 
area the Borough Manhattan from 1927 1931. Records were taken 
continuously from May November each year, using three rain gauges 
each area. 

The Manhattan area the Grand Central the Borough, mile 
south Central Park, and extends from about the middle the Island 
the East River. The Brooklyn area the East New York section 
the Borough, miles southeast the Manhattan area and miles from the 
East River. studying the records obtained the two areas, the writer was 
impressed the relatively greater intensity the storms gauged the Man- 


hattan area, and, obtain some concrete evidence this point, made two 
comparative tabulations. 


TABLE 12.—Comparison RAINFALL INTENSITIES, 
PER 


Number 


storms 


MANHATTAN EXPERIMENTAL AREAS 


Year Location 


Brooklyn 
Manhattan 
Central Park........ 3.00 2.58 2.20 1.22 0.70 0.38 
Central Park........ 2.58 2.09 1.69 0.87 0.56 
Gauge No. 3........ 2.15 1.61 1.00 0.71 0.48 
Central Park........ 2.42 1.87 1.66 1.23 0.80 0.53 
Gauge No. 3........ 1.65 1.35 1.20 1.05 0.82 0.54 
Central 3.30 2.06 1.71 1.09 0.66 0.43 
Gauge No. 3........ 1.05 0.80 0.71 0.52 0.42 
Central Park........ 2.34 1.74 .... 0.93 0.54 0.36 
1925-29.....| Gauge No. 3........ 2.13 1.66 1.36 1.02 0.77 0.51 
Central Park........ 2.73 1.71 .... 1.15 0.76 0.49 
Gauge No. 
Central Park 
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Table 12(a) gives the average yearly intensities for different durations 
periods when gauging was progress both areas. storms gauged 
both areas the table includes number storms local Brooklyn and 
others local Manhattan. The total number storms (29) happens 
the same each area, but the yearly distribution varies. Many light storms, 
which would have bearing sewer design, were not analyzed and, there- 
fore, are not included Table 12(a). The average intensities for the entire 
period show that, for durations min, the Manhattan storms had nearly 
twice the intensity the Brooklyn storms. 

Table 12(b) gives the average yearly intensities for different durations 
identical storms gauged Central Park and the Committee’s Rain Gauge 
No. the Brooklyn gauges, located miles southeast Central Park 
and miles from the East River. Storms local Brooklyn, local 
Manhattan, are excluded, and Table 12(b), therefore, includes considerable 
number “easterly” storms, which were more likely gauged both 
points. Table 12(b) includes the storm September 1926, which was 
moderate intensity Central Park, but Gauge No. was phenomenal 
double-peaked storm, which, for the 120-min duration, exceeded anything ever 
gauged Central Park. The 5-year averages show lighter Brooklyn intensi- 
ties duration min and nearly equal intensities for longer 
durations. 

Table indicates that rainfall curves for Manhattan, and for interior 
parts Brooklyn, might have somewhat different shapes. The curves would 
identical for the 60-min and 120-min durations, but the Brooklyn curve 
would have lighter intensities for the shorter durations. course, the table 
does not cover long enough period make the evidence much value, but 
some significance that, Table 12(a), the lighter Brooklyn intensities 
are evidence during each the three years considered and for all four 
durations. The writer willing hazard guess that the heavier Manhat- 
tan storms are caused the proximity the Hudson and East Rivers. 

summarize the viewpoint herein expressed: Rainfall curves with fre- 
quencies from year years, represented the author’s modified 
exponential equations, are endorsed being close approximations existing 
Central Park rainfall data. should recognized, however, that these 
curves are temporary nature and may need revision any time. 

Table suggests that these curves may too severe for the design 
branch sewer systems interior sections the Borough Brooklyn and 
similarly located territory the Borough Queens; but, unfortunately, 
there are long-term rainfall records this territory form the basis for 
rainfall curve. probable that branch sewer systems this territory, 
designed the author’s curves, would have large factor safety. 

While the modified exponential type equation, doubtless, can adapted 
rainfall data many cities, previously stated there nothing the 
paper show that universal application. The writer has been helped 
his study this paper the clear and concise manner which the sub- 
ject-matter has been presented. 
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gest that the part Mr. Bleich’s analysis, assuming formulas the type 
Equation (1), could have been improved plotting paper.” 
When plotted. the data Table however, indicate that the intensities 
from different storms not follow the law defined Equation (1); nor, 
fact, corresponding intensities for single storm follow that law. there 
any general law that applies these data, the writer believes that will 
conform more closely duration type curve than any other type 
far proposed. 

The consolidation records different types storms according 
present general practice analyzing frequency rainfall intensities, and the 
practice assuming intensities corresponding different types, homogene- 
ous records, not justified. From practical standpoint when desired 
determine exactly the frequency occurrence given intensities dif- 
ferent time elements, such consolidation may perhaps permissible; but what 
the writer considers unjustified the practice representing the inter- 
relationship various factors means mathematical equations, because 
the best mathematical formulas can only gross averages actual 
relationship. The fact that data plotted arithmetical paper appear 
follow the equations that are actually assumed for the particular case, due 
probably the effect averaging intensities from different records, many 
which, individually, might conform quite different types curves. 

Judged empirical equation, Mr. Bleich’s formula should valuable 
engineers practicing and around New York City, who can make use 
the data designing storm sewers more intelligently. Based local records 
covering period years, the application such analysis certainly 
justified. Moreover, this record now sufficient length permit detailed 
analysis original values learn, possible, the true laws that underlie 
rainfall duration relations, such laws exist. The classification these data 
according types and independent analysis data that fall each class 
may possibly disclose interesting truths that have universal significance. 

analyzing such data statistically, the fact that not homogeneous 
important. The rainfall probabilities applying short duration periods must 
not studied the same class those segregated longer time units. The 
two classes data follow different laws, those for very short time periods 
tending more stable than those for longer periods. frequencies 
the different classes data were approximately the same, there would some 
justification for consolidating the records. The frequencies are not the same, 
however; for example, in. tropical countries the electric storm far the 
most frequent and, therefore, these control the data pertaining storms 
short duration. 

Generally, storms are assumed fall two broad classes: (a) High-pres- 
sure storms including electric storms; and (b) cyclones. 
Cuba. 
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zones the first type yields most the high rainfall intensities—up dura- 
tion hr. the tropics, the other hand, least near the Caribbean 
Sea, the most severe storms are mostly hurricanes storms the cyclone 
class. The latter yield the highest intensities for any duration. now 
record containing both types intense storms consolidated, the extreme 
items, such those occurring once twice years, would automati- 
cally weighted appear the same order storms 15-year 20-year 
occurrence. the tropics, electric storms genuine catastrophic nature 
occur rarely two three times years, whereas hurricanes and 
cyclones occur the average eight ten times years. Consequently, 
the intensities and the frequency occurrence, well the duration these 
two classes storms, cannot very well consolidated. They constitute 
heterogeneous data that should not analyzed one group. 

While the writer not familiar with conditions the United States 
from personal experience, his studies lead him believe that heterogeneity 
data may influence the result analyzing intensities from records that 
severe electric storms well storms cyclonic nature. multi- 
ple electric storm (that is, two more storms rapid succession, that 
overlap each other), yields rainfall intensity for periods hr, more, 
that not all comparable, means probability analyses, with normal 
cyclonic storms analyzed the same way. the case comparing West 
Indian hurricanes with severe electric storms, the exceptionally severe rain- 
fall that accompanies cyclone less than the total rainfall produced 
recurring electric storm duration. the North, the cyclonic 
type storm may yield severe rainfall intensities for periods greater than 
hr. 

would appear, then, that rainfall durations between min and 
hr, and especially between hr, are markedly inconsistent when 
analyzed probability methods and are even more inconsistent when analyzed 
mathematically, for the reason that the record contains data basically 
different characteristics. careful classification the data according 
the class which belongs will show the trend much clearer, but yet 
definite law can stated with confidence. Probably some obscure dis- 
turbing factors affect the results. Statistical analysis data carefully 
segregated for the purpose view will probably yield the kind information 
that can generalized. 

detailed record rainfall intensities covering period years 
unique. Some the information possible gleaned from it, particularly 
that applicable New York City, ably described this valuable paper 
Mr. Bleich; but information much greater importance can gained 
thorough classification analysis. its entirety, information available 
rainfall intensities quite meager. judged that the City New York 
can well afford such detailed study, least the expense publishing the 
complete data available date, thus affording opportunity for independent 
investigators extend the analysis further. records are available 


mh rm 


P 1 
| 
1 
4 
| 
1 
| 7 
ae 
4 
7 
| 
q 
q 
q 
4 
| 
J 
7 
7 


the United States, which cover periods nearly years, and study two 
such records, conjunction with that Central Park described this paper, 
should prove extremely valuable correlation analysis. 

Rainfall intensity important agriculture, one the underlying 
factors affecting water losses. also major importance determining 
the yield water-sheds for water supply and irrigation. Because the 
great labor involved analyzing intensity data, few efforts have been made, 
except the sewerage field. With the data now accummulated, time 
stress the necessity such analysis other fields. 
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ANALYSIS SHEET-PILE BULKHEADS 
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omission list symbols and definitions, this paper difficult read 
and, therefore, much its value will never brought the attention 
many engineers who would profit careful study Mr. Baumann’s 
methods analysis. Furthermore, would easier follow the author’s 
mathematics the source the equations were given. 
The object the paper threefold—and the writer’s opinion each 
section, summary, follows: 


description tests made determine effective passive resistance 
sarid and interlock efficiency sheet-piling detailed, for clear 
description, that even re-reading leaves one without picture what was 
intended what was determined. The results obtained are open serious 
criticism, described more fully hereafter. 


not convincing. far deals with the general problem, keeping 
mind the assumptions made, real contribution the study soil 
mechanics. 

new theory the stability bulkheads ingenious 
matical analysis. 


test described which deformations seven interlocked sheet-piles, 
water, were measured. The set sheets described free deflect without 
restraint from the side walls the bin holding the water. The walls 


—The paper Paul Baumann, Am. Soc. E., was published March, 


expressed may brought before all members for further discussion. 
Engr., New York, 
Received the Secretary April 1934. 


suggestion possible stress distribution the passive prism 
(or soil-volume resisting pressure) far applies the particular 
problem the failure certain sheet-piling Long Beach, Calif., based 
the results the tests, and full additional assumptions, that 
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the bin also consisted sheet-piles driven the same depth the test sheets. 
The purpose the test was simulate the condition sheet-pile bulk- 
head which had failed. 

There can question the total value the acting pressure, all 
the sheets. However, the proximity the rear the bin the tested face 
(about ft), seriously affected the capacity the soil resist pressure. 
This was most serious near the side walls, where these walls, also acted upon 
the water pressure, caused resisting stresses the soil which was sup- 
posed sustain the test piles. result, the end piles were forced throw 
part their load toward the center piles which, addition, were not pro- 
vided with full passive prism. inspection Fig. showing permanent 
deformation the test sheets certainly bears out the foregoing statements. 
The loads taken the various sheets were not equal. The analyst makes the 
assumption that each sheet sustained the same acting pressure. When 
permanent deformation about 2.5 in. remains after measured maximum 
deformation 4.16 in., one wonders what right the author has use the 
elastic stress relation convert strains into stress. 

Some data for the evaluation the parameters, unit weight, and internal 
friction required for the interpretation, are listed. However, the following 
assumptions are made converting the measured deflections the sheet- 
piling diagram showing the amount and sign the pressures acting 
the sheet-pile for its full height (Fig. 5): 


(a) The angle internal friction equals the angle natural slope. Some 
was found measuring even the angle natural slope the im- 
mersed saturated state, and attempt was made determine the 
cient internal friction. 

(b) The weight the average sand was per with 20% 
moisture weight. The great range values Table shows non- 
homogeneous fill. 

(c) The angle internal friction was assumed 30° under water. 

(d) The active pressure the soil inside the sheet-pile enclosure was 
assumed vary parabolically; the active pressure assumed act the 
same time passive resistance (see Fig. 5). the soil was saturated through- 
out the test, there question the amount variation active 
pressure, except the bin action the enclosure affects the pressure the 
sand; the water pressure definite. Active pressure and passive resistance 
may act the same sheet opposite sides, but not the same side, The 
latter equivalent assuming motion the sheet two opposite directions 
the same time. 

(e) attempt was made evaluate the effect water seeping from the 
bottom the test bin. 

(f) Deflections were computed for several values multiplier inserted 
into the Coulomb formula for passive resistance, and the curves were plotted. 
value 1.68 for the multiplier arrived at, because that deflection curve, 
plotted for the full depth the sheet-pile (27 ft), considered nearest the de- 
flection curve plotted from the observed deflections. Since the measured 
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were for the top only, and the amount deflections 
measured about twice that computed, the for this choice 
factor far from self-evident. 

(g) Following discussion different assumptions the maximum 
value passive resistance front of, and back of, the test wall, and the 
effect wall friction and wall deformation these values, there appears 
the statement (see, “Method Graphic Analysis”): “As the test under 
consideration, the passive resistance behind the wall was assumed 70% 
less the passive resistance front, because the surcharge was water.” 
Since there was surcharge front, why the reduction? reduction was 
required for the effect the rear wall, not for lack earth surcharge. 


The results the analysis are next applied proof that the sheet- 
piling bulkhead which failed should have failed. addition the fore- 
going assumptions, should pointed out that the bulkhead had concrete 
relieving platform resting timber piles (assumed the author take one- 
third the active earth pressure); and that the “effectiveness ratio” 
plier the Coulomb formula equals method trial wedges used 
determine the wedge minimum resistance, assuming such wedge start 
the bottom the sheet-piling (Fig. 7). this assumption true, there 
cannot balancing force the heel the pile, and equilibrium cannot 
exist. The writer cannot see any justification for applying the results the 
test the analysis the bulkhead; nor the computed maximum deflection 
4.13 in. convincing. With yield point 45782 per in., and 
maximum stress 30000 per in., there should not large amount 
permanent set; and, yet, the author states that the shape the sheets pulled 
the bulkhead that had failed agreed with that the test sheets (Fig. 
and these had permanent set 2.5 in. after maximum deflection 4.16 in. 

The “Analytical Determination Interlock Efficiency” based ap- 
proximating curve the equation which known, the plotted shape 
the test piles. The results are subject the same criticism that which 
applies the test. addition, the method used only applicable de- 
formations within elastic limits, and the measured deformations certainly 
exceeded that limit. 

The suggested theory stability good form attack the problem. 
However, the author fails point out that only applies within very small 
limits, practically within elastic deformations the soil structure. stat- 
ing that: “In the foregoing, earth was treated like fluid smaller 
greater unit weight than earth for active and passive resistance, respectively,” 
the author falls into improper use the word “fluid.” fundamental 
law fluids can re-worded into the requirement that all depths active 
pressure equal and opposite the passive resistance pressure. 

Before accepting the author’s formulas the assumptions 
must further checked experiment. Equation (16) involves the assump- 
tion that the passive resistance pressure varies inversely with indefinite 
power the depth and with the square root the deflection. Equation (18) 
shows relation from which the unknowns may determined the latera! 
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resistance various movements can measured. However, the value 
zero movement must first measured, this being called the active pressure. 
The writer convinced that zero movement there method for measur- 
ing the pressure, either active passive. 

Before using the results obtained Franzius, should carefully noted 
that the wall used his tests was moved laterally against the soil, that the 
maximum pressure did not occur the beginning movement, but only 
after the body the fill was crushed. Such complete lateral movement does 
not occur the case sheet-piling. When the wall pushed into the 
the total resistance measured the sum (a) the passive resistance the 
earth pressure; (b) the resistance the crushing adjacent grains; and 
(c) the resistance caused physical displacement. 

friction exists along the wall hypothetical case) the last item 
disappears, because the soil mass merely adjusts itself moving upward, 
just liquid would. friction does exist, resistance greater than the 
Coulomb formula would indicate, measured. Incidentally, the Coulomb 
formula does not involve the assumption that the amount movement 


large enough induce any resistance except the passive resistance the 
weight that mass back the wall which will give the minimum 
resistance. 
For the benefit those who not have ready access the original 
papers Franzius, summary results obtained have been made 
the late John Freeman, Past-President and Hon. Am. Soc. 
The conclusions listed Mr. Freeman’s book not agree with some the 
assumptions made this paper. 
The writer cannot see how Equation (25) derived. For deformations 
within elastic bounds, term containing the tenth root the deformation 
certainly cannot very considerable magnitude. 
Following Equation (83) the author states that his analysis shows 
decrease the coefficients internal friction and friction between sand 
and wall, with increase depth and increase wall movement, and 
also refers the writer’s experiments,” for qualitative agreement. Before 
completing this discussion, the writer tried find such agreement his own 
report and found just the opposite. his experimental work found 
all appreciable variation either coefficient with either depth amount wall 
at- Experimental work the variation the coefficient internal 
friction with applied load has consistently shown relationship. 
The writer agrees that the friction along the wall responsible for most 
tal the complexities the phenomenon passive resistance (see text follow- 
ing Equation (42)). clearer picture can perhaps drawn considering 
the resistance prism being acted upon drag equal the friction 
along the wall. This drag dissipated through the fill, and causes curva- 
ture the surface the rupture. 
view the foregoing remarks, the writer cannot agree with the con- 
18) clusions the paper. 


Am. Soc. Vol. LXXXVI (1923), 1448. 
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bridges with stiffening trusses hinged the towers became generally known 
the profession through its practical development and application the desig 
the Manhattan Bridge Moisseiff, Am. Soc. E., 1904. 
that time several bridges have been built with the stiffening trusses 
over the towers because their estimated superior rigidity and economy ove 
the hinged type. Because there was exact theory for the analysis 
continuous trusses, the design these bridges has necessarily been approx 
mate and the advantages the continuous type could not have been and, 
ascertained. 

Mr. Steinman eliminates this deficiency and also extends the use 
Theory the cases multiple suspension bridges with from 
tie cables. His paper notable scientific contribution the theory 
pension bridges. The analysis the stresses the continuous 
trusses difficult and involved mathematical problem. Aside from 
theoretical complexity presents algebraic difficulty transforming 

condensing the extremely complex formulas into workable expressions. 
paper demonstrates the remarkable ingenuity the author overcomi 
these difficulties. Only those who have attempted the same task can fully 
preciate the time and energy required. 

1932 the writer undertook verify, independent method, the 
clusions Mr. Steinman’s original paper, and obtain some additional 
for the economic comparison the hinged and continuous types 
trusses. For this purpose the writer developed analysis quite similar 
that the present paper, which likewise based the equality the 

the elastic curve the towers. Being primarily interested the practi 
applications the theory, rather than developing finished treatise type 
the subject, the writer strove correlate his derivation with the already 
ing theory for the hinged trusses. doing devised easy means 


1934. Proceedings. This discussion printed Proceedings order that the vie 

expressed may brought before all members for further discussion. 
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obtaining equations for continuous trusses from the existing derived 


for the hinged condition, simply adding certain constant quantities, say, 
Ax, As, and the existing equations for and respectively. This 
procedure will particularly useful those already familiar with the De- 
flection Theory applied the hinged stiffening trusses. 

evaluating the constants integration, and the only difference 
between the derivations for the hinged and continuous conditions that 
the case hinged trusses equated zero for and whereas, 
the ease continuous trusses equated and This change 
the boundary conditions creates additional constant terms, representing the 
continuity, the expressions and for various loading condi- 
These terms are: 


the main span, 


— T, 

and, 

the side spans, 
T1,2 

and, 


All the formulas for the integration constants may thus easily written 

from the formulas the hinged case, given textbooks, simply adding 

(51) Equation (53) and Equation (52) Equation (54) 
For symmetrical loading cases and Equation (51) becomes, 


(55) 
obtain the formulas for various loading conditions sufficient 
add the term, 


the numerators the known formulas for the hinged trusses, the denomi- 
being left unchanged. The use H-formulas containing tempera- 
ture terms both the numerator and denominator not permissible for the 
present purpose and will introduce error. The general form the 
H-formula given Equation (24). The writer finds easier use this 
type equation than Equation (27) which the term (7, partly 
the expense complicating the denominator, for the reason that 
must found any case for use the equations and 
case computations for trial values the writer also finds more 
advantageous use Equation (24). 
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The continuity the towers introduces the additional two unknowns, 
and are treated the known quantities although they vary with 
condition. the same time the continuity the elastic curve 
the towers provides the additional two equations for the two unknowns 
created. These equations are obtained equating the slopes the elastic 
curves each side the towers. 

the case bridge fully loaded with the load, the center span and 
the load, the side spans the application the slope equations yields, 


the case the center span fully loaded and load the side spans, 
place Equation (57). side spans fully loaded with the 
load, and load the center span, place Equation (57). 

the case partial full unsymmetrical loadings, the general algebraic 
equations for and became too complicated for practical use and 
more advantageous these cases write out the expressions for 
and substituting the appropriate contributions, and 
(tabulated Article the paper) into Equations (19a), (19b), (35a), and 
(35b), and solve numerically the resulting two equations for and 

the practical application the Deflection Theory for continuous trusses, 
the problem finding the moments inertia, and J,, requires further 
elucidation. The writer quite agrees that the effect the variation 
within span may ignored; the difficulty, however, lies the fact that 
impossible find correct single values the moments inertia apply 
for all loading conditions the case hinged stiffening trusses. The 
deflection theory based upon the deflections the stiffening member 


Inasmuch most cases the stiffening member truss and not 
beam, necessary, for the application the theory, find equiva- 
lent beam such that its deflection characteristics would approximate those 
given truss. For the two-hinged trusses this equivalent beam found 
equating computed deflections the truss under certain loadings the corre- 
sponding beam deflection formulas and solving for The average the 
values for various loading conditions represents the so-called “equivalent 
moment inertia” the truss. found that for the two-hinged trusses 
the individual values for various loading conditions differ but little from 
each other; and, therefore, assumed that their average value can apply 
for all the loading cases. 

ease three-span continuous truss symmetrical design, the determi- 
nation equivalent values for the center span and for the side spans 
requires finding deflections statically indeterminate structure. After 
finding these deflections one side span and one center span under 


DEFLECTION THEORY FOR SUSPENSION BRIDGES 


certain loading, they are equated the corresponding equations the three- 
span beam deflections which contain both and this way two equations 
are obtained which are solved simultaneously for and this manner 
the writer analyzed normal design three-span continuous truss for 
various full-span loadings and found that the individual values equivalent 
moments inertia differed considerably for some loadings. 

Since equivalent moments inertia that can apply for all loading cases 
can not found, necessary, the practical application the deflection 
theory, prepare set moments inertia for the several representative 
loading conditions. The problem further complicated the fact that the 
representative loading conditions can only known tentatively since 
the actual loading the truss variable account the variable suspender 

The method finding equivalent moments inertia multiplying the 
average chord area the square one-half the height the truss should 
not used the case continuous stiffening trusses. the case 
hinged trusses this method sometimes used since gives values close enough 
those obtained equating the deflections. the case continuous 
trusses has such justification, and the deflection method finding one 
equivalent beam the only rational method used. 

The example finding the stresses and deflections three-span continu- 
ous suspension bridge very instructive. economic comparison hinged 
and continuous trusses also great interest the designing engineer. 
The writer the opinion that specifications for suspension bridges should 
contain rigidity requirements terms maximum permissible change 
grade instead deflection ratios. that basis the comparison the hinged 


continuous trusses would more advantageous for the latter. The writer 


agrees with Mr. Steinman that span marks the upper limit the 
advantages continuous suspension bridges far the saving 
material trusses concerned. For long spans the continuity compara- 
tively unimportant since affects relatively small lengths span immediately 
adjacent the towers. long-span suspension bridges the rigidity de- 
rived through the preponderance the dead load over the live load. the 
dead live load sufficiently high the stiffening trusses may dis- 
pensed with entirely was done the design the George Washington 
Bridge. shorter spans, the continuity assumes far greater importance. 
There misconception the part many engineers that suspension 
bridges can apply economically only for long-span crossings. building 
the short-span suspension bridges with trusses continuous over the towers the 
requisite rigidity can attained and saving material effected. Suspen- 
sion bridges can thus penetrate economically into the domain hitherto believed 
reserved for other types bridge construction. The multiple, short- 
suspension bridges also present excellent economic solution for rela- 
tively. shallow crossings. The present paper affords means designing such 
suspension bridges rationally, and therein lies its great importance. 
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nor! 
very interesting and important questions are developed this excellent paper. 
Its special merit lies the fact that its author has brought conclusion 


the answer practical questions that formerly were explained only 
general way. 

Two aspects the problem should emphasized: (1) The value the 
criterion for turbulent flow models; and (2) conditions met devis- 
ing fluvial models accommodate movable bed load. 

(1) The Value the Criterion for Turbulent Flow.—The author has shown 
that, for the Reynolds’ criterion proposed Professor Krey, 
0.075, can substituted 0.02, even for smooth concrete-lined bed. 

Consequently, for model with movable bed load (sand), this condition 
will give results even more favorable, account the greater roughness 
the bed. Therefore, becomes possible experiment with non-distorted 
models which, according Professor Krey, was necessary, formerly, 
distort. 

great influence the choice the scale model that part its 
that active motion. The entire cross-section river 
does not take part this motion; part the channel (especially cases 
when water flow retarded dam) the water has mild eddying motion. 
The application the Reynolds’ criterion the entire cross-section, including 
those parts not actively involved the motion the stream, seems 

incorrect. 

Conditions Met Designing River Models—Of exceptional 


Prof. and Director, Hydro-Elec. Laboratory, State Scientific Research 
Hydrotechnics, Leningrad, Union Socialistic Soviet Republics. 
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movable bed. This paper and others emanating from the Waterways 
Laboratory, indicate clearly how choose sand size and quantities, and 
the corresponding rate flow for any experiment. Hans Kramer, Assoc. 
Soe. E., particularly, has contributed valuable information this 
field.” 

serious difficulty remains, however, the task obtaining sufficient 
data the movement the bed load Nature (the prototype), 
create the same condiitons laboratory flume. This problem especially 
serious the forebays hydro-electric plants where, after sedimentation, 
particles are put motion, which could not considered present the 
normal bed load the stream. 

From 1931 1933 experiments were performed the Hydro-Electric 


and when the average effective diameter did not exceed 1.5 mm, the 
bed the river, the forebay, assumed slope that was practically 

independent the size the sand particles. 

new bed slope, however, was greatly influenced the ratio the 

quantity sand the quantity water that passed through the model 

the same time. The results thus obtained make easier the selection model 

“geschiebe” for torrential streams retarded dams, than would 
for freely flowing streams, with relatively flat slopes and transporting finer 

Naturally, comparisons observations model and prototype are 
the utmost importance. Such comparison was made 1933 the Hydro- 

Electric Laboratory for the hydro-electric plant Zemo-Avtchally, U.S.S.R. 


The scale ratio the model (non-distorted) was 1:100. The forebay the 
ted prototype was fully silted after two years, with little change the succeeding 
three years; the material was composed fine sand suspension, without 
boulders. the model the sedimentation was entirely the result 
movement. Comparisons the silted sections prototype and 
model indicated discrepancy near the head-works and intake 
structure, and much 35% farther stream where sharp curva- 
on. ture the channel may have influenced the result. 
Proceedings, Am. Soc. B., April, 443. 


the Laboratories the State Scientific Research Institution 
Hydrotechnics Leningrad,” 1933, and Proceedings the same Institute, Vol. and 
(Engineering Societies Library). 


Laboratory Leningrad,” three models head-works with intakes. 
Observations were made the behavior movable bed load river with 
steep slope, and laboratory flume. All these experiments showed, that 
When the size sand particles chosen for the model was limited 0.5 
the 
ed. 
atty, 
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Mr. Sherman’s demonstration the “unit graph,” the author has taken 
another valuable step systematizing the relation rainfall and run-off. 
/No doubt, the distribution graph will accepted hydrologists work- 
mechanism. 

students this subject have been the opinion that the present 
difficulty establishing rational relation between run-off and rainfall might 
largely overcome the effect the fixed drainage-area characteristics, such 
shape, slope, and channel condition, could isolated. another con- 
Mr. Bernard made nice academic approach the problem; 
his paper, indicates practical means achieving this result. 

refers his work “approach determinate stream flow”; the 
qualification should kept well mind. Apparently, has examined 
great mass data and has subjected analysis his method. sub- 
stantiate the hypothesis fully will require study larger scale than could 
undertaken any one person; hoped that Mr. Bernard’s effort 
will bring about the necessary organization. 

The idea that, for rain within the chosen time unit, run-off diagrams will 
fall into definite patterns corresponding salient water-shed characteristics, 
and that this hydrograph may considered independent variations 
rainfall intensity within the time unit, will undoubtedly require some 
cations, the author suggests under “Limitations the Method.” 
possible that variations ground condition will found account for non- 
conformities with the distribution graph; that is, certain areas are rela- 
tively more retentive than others certain seasons, the effect may similar 


paper Merrill Bernard, Am. Soc. was published Jan- 
uary, 1934, Discussion this paper has Proceedings, fol- 


March, 1934, Jarvis, Am. Soc. and April, 1934, LeRoy 
Sherman, Am. Soc. 


Engr., St. Louis, Mo. 
Received the Secretary April 11, 1934. 
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shift the water-shed boundaries. recent studies small areas, the 
writer has encountered vagaries that might accounted for this manner. 

The writer’s experience with small areas leads him feel that Mr. Ber- 
nard’s viewpoint too optimistic. For these small areas 
synthetic treatment the rainfall resulted the development “100% 
run-off curves,” corresponding Mr. Bernard’s pluviagraphs. The method 
was adjusted that these curves were quite similar the measured hydro- 
graphs. simple relation between the ordinates the two diagrams was 
anticipated, but the results were disappointing, the ratios covering wide 
range values without appreciable seasonal significance. 

doubtful whether, even within particular storm period, straight- 
line variation between rainfall and run-off will found; probably the relation 
will more complex, and the seasonal fluctuation will difficult index. 
passing, the writer suggests that the coefficient retention “coefficient 
very like the old “percentage run-off.” 

The suggested preparation frequency pluviagraphs needs further study; 
does not seem follow that, because value equal unity occurs 
over year, “the pluviagraph storm known frequency may taken 
hydrograph that will reached exceeded with that frequency”; for this 
true, would seem necessary that the unit, persist throughout the 
year. The writer’s studies indicate that high run-off values are generally 
the result combination high values with not excessive precipita- 
tion intensities, but sometimes from the alternate combination. doubt- 
ful whether any satisfactorily simple plan can devised for studying 
probabilities the concurrence particular values. 

Mr. Bernard’s method appears most valuable, with the present lack 
knowledge coefficients, suggestion for analyzing existing information 
large seale. such analysis should produce regular patterns and 


consistent factors, may become the plan construction for synthetic 
hydrographs. 


q 
7 
7 
7 
the 
. 
ub- 
uld 
ort 
ics, 
lifi- 
ela- 
ilar 
Jan- 
fol- 


AMERICAN SOCIETY CIVIL ENGINEERS 
Founded November 1852 


DISCUSSIONS 


DISCHARGE FORMULA AND TABLES 
FOR SHARP-CRESTED SUPPRESSED WEIRS 


Discussion 


some hydraulic engineers that weir not acceptable device for measuring 
the flow water, partly because formula has been found which will give 
with sufficient accuracy the discharge for all heads and weir heights. this 
paper the author derives formula which claims more exact and easier 
use than other existing formulas and which agrees with experiments. This 
still leaves untouched the question whether not given sharp-crested 
weir will continue discharge the same rate after has been use for 
several years. 

The formula proposed Mr. Cline more complex than the Rehbock 
formula, that proposed Schoder, but may used with ease when 
tables curves have been constructed, they have been the author. 

The Bazin and Francis formulas not give results which agree with the 
Schoder and Turner experiments, except for limited ranges head and weir 
height, but the results given the Rehbock formula agree very closely with 
the measured quantities for heads not excess and for weir heights 
not more than ft. Beyond these values the Rehbock formula but little 
better than either the Francis the Bazin formula and none them agrees 
with the Schoder and Turner experiments. Rehbock accounts for this lack 
agreement claiming that “the data for the 5.5 and 7.5-ft weir (Series 
lack reliability approach channel conditions, measurement head, 
and the possibility insufficient aeration the jet, and shows that the data 
are not consistent among themselves. Schoder, however, points out that the 
jet was fully aerated. also states that “sharp-crested weirs more 
than height are almost never used 


Nore.—The paper Cline, Esq., was published January, 1934, Proceedings. 
This discussion printed Proceedings order that the views expressed may brought 
before all the members for further discussion. 


Associate Prof., Theoretical and Applied Mechanics, Univ. Illinois, Urbana, 
Received the Secretary February 17, 1984. 
Weir Measurements,” Transactions, Am. Soc. Vol. (1929), 1155. 
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The Cline formula gives results which are decidedly better than any the 
other formulas when the whole range heads and weir heights considered. 
Even the Schoder and Turner data for high heads and weir heights are 
somewhat erratic, the Cline formula gives good average the measured 
quantities. The fact that Equation (23) agrees closely with the experi- 
mental quantities the lower heads and weir heights, well the 
higher ones, indicates that the form the equation correct. course, 
the weak point the fact that the constants were derived fit data 
which seem somewhat erratic and which might different under different 
experimental conditions. However, the author does not propose the formula 
final one, but one which may modified further experiments are 
made, and has made clear the method which should followed making 
revision. series experiments should carefully planned and per- 
formed which the approach channel, aeration jet, and measurement 
head will all accepted standard condition. Then, the Cline 
formula does not exactly fit the new data, the constants may modified 
the manner which suggests. 

Certainly, the author deserves much credit for his splendid approach 
the problem and for the large amount work which has done deriv- 
ing the formula which proposes, and computing the tables. 
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Am. Soc. E.. (by subject. has been 
well covered this paper that there little comment The first, 
experimental, repairs conducted under the technical supervision the 
writer, were reported gratifying the engineer the original 
equipment that much was still use 1933, after being previously 
used 1929 and 1931. important event the 1931 operation was the 
test that was run preliminary drill and exercise for the apparatus and 
crew before attempting lift gate. Had not this test been run, there 
would have been serious trouble. 

The preliminary test was made with all equipment for one gate assembled 
and load structural material instead the gate. The test load was much 
lighter than the gate. was noted that the travel the jacks was uneven 
rates. Examination showed scoring the rams and cylinders seven the 
twelve jacks; one had groove in. wide and in. deep; furthermore, 
foundry sand and some metal chips and cuttings from drilling and tapping 
operations were found the cylinders the jacks. New rams case- 
hardened material were made; the cylinders were thoroughly cleaned; and felt 
wiping washers were provided the end each cylinder fit tightly 
against the rams. The improved jacks were finally assembled the machine 
shop and kept locker until used; not the least trouble from scoring 
experienced thereafter. 

Another preliminary test was made placing two jacks with rams 
opposition. Yokes and links, provided for regular operation, were used, 
and additional double links completed the tension members. The jacks were 
then loaded 110 tons without any signs distress. 


paper Clinton Morse, Jun. Am. Soc. was published 
1934, Proceedings. This discussion printed Proceedings order that the views 
expressed may brought before all members for further discussion. 


Engr., Madden Dam, Canal Zone. 
Received the Secretary March 19, 1934. 
Military Engineer, May-June, 1930. 
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While being constructed, more clearance under the gates would have 
facilitated their removal; and wider sills would have made special foundations 
for the jacks unnecessary. The gates were erected raised position, moved 
against the lock-wall, lowered over the pintle bearing, and yokes were fitted 
the top. While being erected and moved, each supported two steel 
falsework frames, one each side. These frames were supported wedges 
for lowering the leaves, and the wedges rested roller nests for moving the gates 
the walls. Consideration was given re-assembling these frames for repairing 
the gates with jacks used instead wedges, but this was found too 
laborious for the work intended. description the gates and their erection 
was book form 1916. 


Panama Canal,” George Goethals, Am. Soc. E., Vol. II, New 
York, McGraw-Hill Pub. Co., 1916. 
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DISCUSSIONS 


FLEXIBLE CONSTRUCTION FOR 
EARTHQUAKE RESISTANCE 


Discussion 


LEE JOHNSON, EDWARD BEDNARSKI, AND 
MERIT WHITE AND PAUL KARTZKE 


ing paper subject some controversy among structural engineers to-day. 
gratifying note that the author points out that, determining the 
effects vibration structure, the period the acceleration just 
important the acceleration itself. should emphasized even more 
strongly that the effects vibratory phenomenon, upon any object cannot 
determined considering only the acceleration. This fact seems have 
been obscured imperfect understanding the relation between accelera- 
tion, frequency, arid amplitude vibration. Considering the simplest 
periodic motions, simple harmonic motion the form, 


given by, 

from which seen that the acceleration function the amplitude, 
times the square the frequency, and that is, therefore, dependent upon 
both quantities. follows from this that the acceleration varies and 
that two vibrations, differing widely character and their effect struc- 
ture, may yet have the same acceleration. vibration with very high fre- 
quency and infinitesimal amplitude can perfectly well have the same accelera- 
tion vibration relatively low frequency and appreciable amplitude, the 
product, being the same each case. However, the effect vibration 
the former type building will, ordinarily, negligible, while the effect 
vibration the latter type, such earthquake, can disastrous. 
paper Norman Green, Esq., was published February, 1934. 


Proceedings. This discussion printed Proceedings order that the views expressed 
may brought before all members for further discussion. 


Harvard Eng. School, Harvard Univ., Cambridge, Mass. 
Received the Secretary March 20, 1934. 
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the frequency decreases still more infinitesimal proportions and the ampli- 
tude becomes very great, the acceleration still remaining unchanged, build- 
ing would probably suffer ill effects, although would moved consider- 
able distance from its position rest. Apparently, this last case does not 
occur practice. 

Hence, necessary know least two these quantities, acceleration, 
frequency, and amplitude, not only order find the effect vibration 
structure, but, what still more fundamental, order describe the 
nature the vibration itself. Although such simple relation between these 
quantities, the preceding, may not exist the case more complex, non- 
harmonic vibrations, still the quantities are related and are not independent. 

The author’s mathematical analysis calls for some remarks, under- 
stand these well have the fundamental concepts clearly mind. 
simple harmonic motion amplitude, and frequency, may repre- 
sented the motion the projection upon fixed line vector magni- 
tude, rotating constant angular velocity, shown Fig. this 
case, cos at. 


Fic. 


Examples systems that give simple harmonic motion are mass sus- 
pended perfectly elastic spring attached rigid support (Fig. and 
mass resting frictionless rollers between perfectly elastic springs attached 
rigid supports (Fig. 6). The masses are assumed non-elastic and the 
springs are assumed weightless. 


y 
£ 
e 2 2 


The author uses system the type shown Fig. being analogous 
building supported flexible columns with its upper stories constituting 
rigid mass. The columns act springs between the mass and the ground. 
Considering this system, the differential equation for the motion the mass, 
is: 
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which means that any instant the inertia force the mass must equal 
and opposite the restoring force the springs, application one 
the basic laws dynamic equilibrium. Writing the equation the form: 


equivalent stating, simply, that the second derivative function 
proportional the function itself, and since sine and cosine functions are 
this type, solution may assumed, the form, cos +B, sin ot, 


which, B,, and are unknown. Substituting this the differential 
Equation (17): 


The constants, and are determined from the initial conditions the 
problem considered. For example, the start the vibration when 


the initial amplitude and velocity are given yo, and then, 


solution for this case is, therefore, 


This simple harmonic motion amplitude, yo, and frequency, 

Next consider the case which the supports are not fixed but execute 

definite motion their own, say, sin (see Fig. 7). Writing the 

differential equation motion the mass with respect its position rest: 


However, the author seems interested primarily the relative deflection 
the top and bottom the first-story columns building undergoing 
vibration which, his mass and spring analogy, corresponds the deflection 
the mags from the: moving support, rather than the deflection from the 


dt? 
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position rest. find the relative motion the mass with respect 
the moving support seen from Fig. that the movement relative the 


dt? dt? 


which the differential equation for the relative motion between the mass 
and the support. This corresponds Equation (1) the author’s paper, ex- 


2 ’ 
cept that where, Equation (21), sin wt, has 


earthquake more closely than simple harmonic motion. The author’s notation 
for seems fault. the writer has shown, Equation (1) gives the. 
but Equation (1), corresponding the writer’s Equation (21), is: 
defined the deflection from the position rest, instead the relative 
deflection from the support. 

noted that the natural frequency, frequency free vibration, 
the system obtained directly the equation motion 


and is, for the case considered, using the 


not clear what the author had mind differentiating Equation 
(8) his paper, and setting the first derivative equal zero order 
get. the period free vibration..From what has been shown herein, 
sponding the author’s Equation (8), determined directly 
ing the differential equation; and derived from the fundamental rela- 
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Differentiating Equation (8), setting the resultant equation equal zero, 
and solving for merely gives those values for which the velocity the 


since the sine any integral value zero. true that the natural 
period will the time elapsing between two successive zero points the 


that is, but the same would true for zero points 


the amplitude, and unnecessary differentiate all. 

The author’s conclusion that the maximum deflection produced struc- 
ture given ground motion not much affected considerable changes 
the period free vibration the structure true only the range the 
periods free vibration sufficiently far above the period the ground 
motion avoid all possibilities resonance. 

Until more has been learned about the dynamics building frames, the 
writer feels that the assumption that the upper stories building with flex- 
ible first-story columns constitute rigid mass doubtful one. Simple 
tests made the writer models various story heights show that the 
elasticity the upper stories has decided effect the periods free vibra- 
tion, expected from purely theoretical considerations, even when the 
first-story columns are very flexible with respect the upper story columns. 

The writer believes that Mr. Green should commended for presenting 
method for finding the effect any arbitrary non-harmonic vibration upon 
idealized flexible building. date, chiefly simple harmonic motions have 
been used practical calculations structures. 


has raised important question the analysis structures, namely, the 
influence the connection between the structure and the foundation. 
could have chosen several hypothetical variations Fig. analyze struc- 
ture as, for example, fixed connection resisting the forces acting any 
direction and any moment created these forces; hinged connection that 
can not resist the moment and can take only the forces passing through the 
center the hinge; and connection rollers balls that may resist any 
moment, but takes only the forces directed normal the plane rolling. 

the case analyzed the paper the connection assumed this latter 
type with elastic buffers preventing the structure from being carried away 
under occasional lateral pressure (see Fig. 2). The author could also have 
used the arrangement shown Fig. which elastic springs are replaced 
hydraulic “buffers” interconnected pipe and dash-pot arrangement. 
This may considered aperiodic connection elastic expansion the 


*Structural Engr., Pasadena, Calif. 
Received the Secretary March 24, 1934. 
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pipes and the cylinders assumed negligible. course, absolutely 
elastic absolutely aperiodic arrangement does not exist. 

Connections this kind may likened electric transformers which 
the primary and secondary coils are connected with different degrees loose- 


Roller Connection 


Resisting any Moment 


Pot Regulating Flaw Liquid 


ness, electrical sense. very loose connection, this transformer will 
oscillate only certain specific frequency; that is, the natural frequency 
the coupled circuit. other frequency would create oscillatory current. 

Theoretically, structure resting balls rollers, devoid friction, 
does not re-act the vibratory movement earthquake horizontal 
plane. practice, however, there may possibility strains due 
transferred vibrations. The more flexible the first story the the 
less will the lateral forces imparted it; and the less elastic its connection 
with the foundation, the less will the danger resonant vibrations being 
set it. 

connection between the structure and the foundation can not made 
plastic and flexible introducing comparatively slender columns first 
The use material with very small elastic modulus and rela- 
tively great plasticity between the structure and the foundation may serve the 
purpose the total shear resistance the insulating 
material great enough prevent the structure from being moved the 
wind The value such shear resistance the critical, maximum, 
force that could ever imparted the structure the earthquake 
occurrence resonance the horizontal Common 


that ‘illustrate this point are the old trick snatching napkin from 


beneath number full tumblers without spilling the and the bullet 
passing through pane glass, clean it. The success 


7 
q 
7 
§ 
| 
é 
7 
¥ 
q 
4 
, 
, 
, 
| 


BEDNARSKI FLEXIBLE FIRST-STORY CONSTRUCTION Discussions 


the tricks depends entirely the velocity movement, the friction 
between the napkin and the tumblers, and the shearing resistance glass. 

his the theory sound, Sir John Rayleigh introduces quite 
extensive analysis determine the natural period vibration for.a single 
bar, fixed one end and free the other. his Mr. 
Green introduces formula for the period vibration structure consist- 
ing many bars, connected many different ways, and supported sys- 
tem columns, hinged one end and fixed elastically the other. 
the light this comparison, the formula offered this paper seems too simple 
true. For one thing, the author has ignored the questions modes 
vibration, the time elapsed between complete rest and maximum acceleration, 
and internal friction. 

Equation (1) the well-known differential equation forced oscillatory 


oscillatory force corresponding For constant amplitude this move- 
ment may expressed as: 


The actual force imparted, the very beginning, the structure sup- 
ported flexible connection will always within the limits and 
for absolutely flexible connection and for absolutely rigid connection. This 
depends the value the rate which the value changes, well 
the final value a.. 

From the accelerogram, Fig. seems that the amplitude the accelera- 
tion decreases uniformly from its maximum, almost negligible, value, 
Then the differential Equation (1) will take the form, 


the writer believes, more general formula for the problem. The 
correction factor, which introduced allow for the flexibility the con- 
nection, not constant, course; but may considered constant be- 
tweeen certain limits. Likewise, the damping factor, introduced allow 
for the influence internal frictional resistance. 


Theory Sound,” John. William Strutt Rayleigh, Second 
Vol. pp. 255-305. 
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When constructed that the maximum force which can 
imparted the structure the beginning known beforehand the only 
danger lies the possibility synchronization the vibration the 
foundation the vibration the structure itself. may solved 


‘0 
the time the natural period, determined independently), and the 


solution not too complicated. the latter case the check determine 
the possibility resonance may made the method 
Martel, Am. Soc. 

The author deserves credit for introducing step-by-step method solving 
this problem. The interval sec chosen the numerical example (“Appli- 
Analysis”) compared with 3.58 sec the natural period for the 
structure includes less than two periods and not quite clear why greater 
maximum than 0.445 would not occur. Were the computations extended 
little further showing that the curve maximum values descending 
after sec, the assertion regarding the maximum deflection would carry more 
weight. 


investigations have been carried for several years various laboratories 
the United States and Japan, there still considerable learned 
regard the effect earthquakes structures. The author’s assumptions 
that seismic acceleration linear function time and that the initial 
shock sudden seem reasonable any others that might made for his 
analysis. Actually, the final results will practically independent either 
assumption. However, the evidence eye-witness one the Japanése 
earthquakes that copper coins can were thrown out the first shock 
not proof sudden initial acceleration unless the can happened 
connected the ground follow the ground motion. 


Time in Seconds 


Acceleration in ft per sec per sec 


9.—ACCELERATION DIAGRAM 


Dynamic Behavior Some Simple Bents Subjected Established 
Motion,” Martel, Am. Soc. E., Proceedings, World Eng. Congress, Tokyo, 
Japan, 1929, Vol. VIII, pp. 

Eng., California Inst. Technology, Pasadena, Calif. 

California Inst. Technology, Pasadena, Calif. 

Received the Secretary April 25, 1934. 
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The author’s use plus and minus signs rather confusing. His values 
and the end each half-second period (Table apparently are 
considered positive the direction the acceleration the beginning 
that period, and are reversed sign when they become initial conditions 
(Yo, Vo) for the next period. would seem more logical give the plus 
sign deflections and velocities the right, and the minus sign those 
the left. Incidentally, the second integral the author’s acceleration 
taken will found that the base the building displaced 
about in. assuming start from rest. 

Fig. shows acceleration diagram somewhat similar Fig. except 
for the presence rather long period acceleration (3} sec), addition 
the shorter waves. This acceleration pattern was applied Mr. Green’s build- 
ing. The computations, based the following equations, 


and, 


Deflection Feet 


Time Seconds 


4 
4 
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yielded the deflections plotted Fig. 10. The maximum deflection about 
1.5 ft, which more than six times the deflection obtained Mr. Green. 
Probably the next swing would still greater. 

Objection may taken the writers’ use long-period acceleration, 
particularly view Mr. Green’s reference Dr. Suyehiro’s conclusion 
that all earthquakes the period acceleration particular locality 
confined very narrow range. examination the Long Beach, Vernon, 
and Los Angeles, Calif., records the Long Beach earthquake March, 1933, 
the presence waves relatively long period. probable that 
these caused great part the damage buildings with long free period. 

independent check the foregoing results calculation was made 
using method developed Dr. Biot. This analysis was 
developed for building with any number flexible stories, which all the 
stories above the first have the same flexibility. Very briefly, this method 
consists considering the actual ground displacement curve, applying appro- 
priate constants which depend the characteristics the building, and, 
using graphical integration, obtaining envelope (limiting curve) which will 
give the limits the actual displacement curve the floor for which calcula- 
tions are made. For the flexible first-story building the equation this 
envelope becomes: 


which, the ground displacement curve and vo, the fundamental fre- 
quency the building. The results obtained are shown Fig. 10. Dr. 
Biot’s method analysis has been checked comparison with actual deflec- 
tions model upon shaking-table. The agreement quite satisfactory. 

The deflections obtained this example are obviously excessive. Further- 
more, can seen that careful choice acceleration pattern will give 
similar result for any given structure. The results obtained from Mr. 
Green’s method (or any similar method) will depend the original choice 
acceleration pattern. one could sure that all earthquakes given 
would alike, this method would very valuable. Unfortunately, 
this not the case and, hence, this method analysis, stands, may 
misleading. 


Engineering June 22, 1933. 
Proceedings, National Academy Science, February, 1933. 
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all Members the Profession assist the Board this manner. 
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Civ. Engr., Supply and Purifying Sec., St. 
Louis Water Div. Refers Bumann, 
BUCK, HENRY WOLCOTT, Jun., Hartford, 
Conn. (Elected Dec. 14, 1925.) (Age 31.) 
Member firm, Henry Robinson Buck, 
Wurts. 

EVERS, WILLIAM HENRY, Jr., 
Cleveland, Ohio. (Elected Oct. 12, 1925.) 
(Age 31.) Cons. Engr., Evers and 
Zesiger. 

LAWTON, MILTON 
Scarsdale, July 11, 1927.) 
(Age Jun. Engr., New York State 
Transit Comm., New York City. Refers 
Williamson. 

MIMS, STALEY WOOD, Bronson, 
Tex. (Blected Aug. 15, 1932.) (Age 30.) 


than thirty days after the date issue. 


Inst. Technology, Cam- 
bridge, Mass. Refers Barrows, 
Tyler. 

SANTELMANN, ALFRED WILLIAM, 
Assoc. M., Washington, (Elected 
Junior May 28, Assoc. Nov. 14, 
1927.) Associate Structural 
Engr., Superv. Archt.’s Office, Treasury 


TOZZER, CARL HENRY, Assoc. M., Marion, 
Ohio. (Elected March 15, 1926.) (Age 
County Surveyor, Marion County, Ohio. 


FROM THE GRADE JUNIOR 


Res. Engr., Texas State Highway Dept. 


OOTHOUT, RAYMOND MILTON, Jun., Des 

‘Moines, Iowa. (Elected Dec. 1928.) (Age 

27.) Constr. Engr., Koss Constr. Co. 


PEARSON, THEO PORTER, Jun., Conway, 
(Elected Aug. 15, 1932.) 30.) 
Contract Estimating Engr. and Asst. 
Standard Dredging Co., New York City. 
Youngberg. 
Cal. (Blected Oct. 12, 1925.) (Age 32.) 
Asst. Engr., Metropolitan Water Dist. 
Southern California. Refers Baker, 
SCHIRMER, HOWARD AUGUST, Jun. 
Oakland, Cal. (Elected May 19, 1924.) 
(Age Structural Engr., McClintic- 
Marshall Corporation. Refers 
Jones. 
SENSING, WILBUR CARSON, Jun., 
ville, Tenn. (Elected Nov. 15, (Age 


VAN REEKUM, VERNON JOHN, Jun, 
Dallas, Tex. March 10, 1930.) 
(Age Civ. Engr., City University 


The Board Direction will consider the this list not less 
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